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The  UNITED  STATES  LIFE-SAVING  SERVICE.* 


By  Horace  L.  Piper, 
Assistant  General   Superintendent  of  the  Service. 


The  preservation  of  life  from  shipwreck  was  not  among 
the  objects  which  early  enlisted  the  interest  of  men.  Even 
as  commerce  extended  its  scope  the  goods,  not  the  sailors, 
were  the  objects  of  its  solicitude.  When  the  owner's  right 
to  his  property  was  made  to  depend  upon  the  fact  that 
somebody  should  get  ashore  alive  it  became  a  matter  of 
care  to  the  plunderers  on  the  coast  that  nobody  should 
reach  the  shore  alive,  or  if  anybody  did  that  he  should 
straightway  be  put  to  death  for  his  folly.  To  be  sure,  the 
coveted  goods  would  not  therefore  lawfully  belong  to  the 
wreckers,  but  "  dead  men  tell  no  tales." 

Although  death  in  hideous  form  had  long  prior  been 
denounced  in  England  upon  persons  who,  "more  barbarous, 

*  A  lecture  delivered  before  the  ?>anklin  Institute. 
Vol.  CXXXin.  I 


2  Piper:  [J.  F.  ]., 

cruel,  and  inhuman  than  mad  dogs,  murdered  shipwrecked 
folk,"  the  eighteenth  century  was  well  in  its  twilight  before 
any  organized  effort,  and  that  private,  was  made  for  the 
succor  of  such  unhappy  creatures.  Our  Declaration  of 
Independence  had  been  proclaimed  and  made  good  before 
such  a  thing  as  a  life-boat  had  been  conceived  in  England, 
where  the  first  one  was  invented,  and  George  Washington 
had  been  two  years  in  our  presidential  chair  when  the  first 
serious  steps  were  taken  in  "  the  mother  country  "  for  the 
rescue  of  the  shipwrecked. 

The  good  people  of  the  United  States  were  no  laggards 
in  this  great  work.  The  year  1786  witnessed  the  organiza- 
tion in  ^Massachusetts  of  the  Humane  Society  of  that  com- 
monwealth, which  three  years  later  formally  dedicated  its 
energies  to  the  rescue  and  relief  of  castaways  on  that  coast. 
So,  it  happily  appears  that  a  life-saving  service  of  some 
sort,  limited  and  imperfect  it  is  true,  began  its  career 
with  the  infant  steps  of  the  Republic.  The  Massachusetts 
society  was  the  first  organization  of  the  kind  in  this  country 
of  which  I  have  knowledge,  and  if  it  may  not  be  called  the 
parent  of  all  others,  it  was  at  least  the  pioneer.  Though 
already  a  centenarian,  let  us  hope  that  it  is  still  in  the 
flower  of  youth. 

The  life-saving  service  of  the  United  States  had  its 
inception  in  the  year  1848,  when  Congress  first  made  an 
appropriation  for  such  an  agency  of  the  general  govern- 
ment. It  may  be  worth  while  to  note  the  fact  that  this 
was  also  the  year  in  which  attention  was  re-awakened  to  the 
same  subject  in  England,  where  it  had  languished  to  such 
an  extent  that  a  recognized  authority  declares  the  whole 
.system  to  have  been  "  in  such  a  low  state  that  in  the  entire 
kingdom  there  were  perhaps  not  a  dozen  really  efficient 
life-boats."  But  our  appropriation  of  1848  was  only  a  beg- 
garly pittance  of  $10,000,  to  be  expended  solely  upon  the 
coast  of  New  Jersey.  A  few  boat-houses  were  cheaply 
erected  and  equipped  with  this  sum,  but  altnough  small 
appropriations  were  subsequently  made  for  additional 
houses  and  equipments  at  other  points,  no  crews  were 
em])loycd  until  1869,  and  then  only  at  alternate  stations. 
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While  it  might  not  be  true  to  say  that  the  service  from 
1848  to  1 87 1  was  discreditable,  it  certainly  was  not  brilliant. 
Its  new  and  glorious  career  began  on  the  20th  of  April, 
1 87 1,  when  Congress  made  an  appropriation  of  $200,000  for 
life-saving  purposes,  to  be  expended  by  the  vSecretary  of 
the  Treasury  through  the  medium  of  the  Revenue  Cutter 
Service,  with  which  life-saving  operations  were  then  con- 
nected. The  chief  of  the  Revenue  Cutter  Service,  at  that  time, 
was  a  young  man  who  had  only  a  few  weeks  before  taken 
charge  of  the  office,  and  who  had  himself  suggested  the 
appropriation  mentioned,  and  devised  a  scheme  for  its 
judicious  expenditure.  The  marvellous  results  achieved 
with  this  comparatively  small  sum,  the  record  showing  that 
on  the  coast  of  Long  Island  and  New  Jersey,  to  which  the 
appropriation  was  limited,  every  life  imperilled  by  ship- 
wreck during  the  following  season  was  saved,  induced 
further  favorable  action  by  Congress,  gradually  enlarging 
the  ser\'ice,  and  finally  by  the  act  of  June  iS,  1878,  organiz- 
ing it  into  a  separate  bureau. 

Mr.  Sumner  I.  Kimball,  the  chief  of  the  Revenue  Cutter 
Service,  to  whom  I  have  just  referred,  was  nominated  by 
the  President,  and  without  the  usual  reference  to  a  com- 
mittee, unanimously  confirmed  by  the  Senate  to  be  Gen- 
eral Superintendent  of  the  new  Life-saving  Service.  This 
remarkable  tribute  of  confidence  was  not  accidental — it  was 
earned.  During  his  administration  of  the  Revenue  Cutter 
Service,  Mr.  Kimball  had  raised  its  status  from  one  of 
waning  importance  and  efficiency  to  a  verv  creditable  foot- 
ing, and  at  the  same  time  had  elevated  the  Life-.saving 
vService  to  such  a  plane  that  it  began  to  command  general 
interest  and  confidence.  His  assumption  of  the  new  (office 
was  marked  with  vigor  and  enterprise. 

DISTRICTS    AND    ST  I'KkIN  rKNDKN  IS. 

Without  undertaking  to  enumerate  in  full  detail  the 
various  steps  in  organizing  and  perfecting  the  economy  and 
morale  of  the  service,  let  me  proceed  at  once  to  submit,  first, 
an  outline  of  the  organization  as  it  now  exists,  and  then  as 
complete  a  rt'suuie  as  possible  within  our  limits  of  its 
operations. 
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The  coasts  of  the  x\tlantic,  Gulf  of  Mexico,  Great  Lakes 
and  the  Pacific — Alaska  not  included — comprising  more 
than  10,000  miles,  are  divided  into  twelve  life-saving  dis- 
tricts, designated  by  number,  beginning  with  Maine  on  the 
Atlantic,  and  terminating  with  Washington  on  the  Pacific. 
The  first  district  includes  the  coast  of  Maine  and  New 
Hampshire  ;  the  second,  Massachusetts  ;  the  third,  Rhode 
Island  and  Long  Island  ;  the  fourth,  New  Jersey  ;  the  fifth, 
Delaware,  Maryland  and  Virginia  to  Cape  Charles;  the 
sixth,  Virginia  and  North  Carolina  from  Cape  Henry  to 
Cape  Fear;  the  seventh,  South  Carolina,  Georgia  and 
Eastern  Florida  ;  the  eighth,  the  Gulf  of  Mexico  ;  the  ninth, 
Lakes  Ontario  and  Erie ;  the  tenth.  Lakes  Huron  and 
Superior ;  the  eleventh,  Lake  Michigan  ;  and  the  twelfth, 
the  Pacific  Coast. 

Each  district  is  in  charge  of  a  superintendent,  chosen  for 
his  knowledge  of  the  subject,  business  capacity,  and  execu- 
tive ability.  He  must  be  a  resident  of  his  district,  of  good 
repute,  not  less  than  twenty-five  nor  more  than  fifty-five 
years  old  when  appointed,  is  required  to  understand  the  use 
of  life-boats  and  life-saving  appliances,  and  to  be  familiar 
with  the  lines  and  dangers  of  the  coast  under  his  guardian- 
ship. He  is  the  disbursing  officer  of  the  district,  under  a 
bond  ranging  from  $10,000  to  $50,000  in  amount,  must  visit 
every  station  once  in  three  months,  oftener  when  necessary, 
examine  and  test  the  crews  as  to  drill  and  discipline,  and 
has  general  supervision  of  the  property,  surfmen  and  opera- 
tions. 

The  single-hearted  devotion  of  many  of  these  men  to 
their  noble  work  is  a  matter  of  well-deserved  admiration. 
To  them  their  vocation  is  much  more  than  the  mere  holding 
of  office  with  pecuniary  reward.  Nothing  draws  one  so 
close  to  another  as  a  kindred  woe.  Some  of  these  men  have 
themselves  felt  the  clutch  of  the  icy  waters  about  them,  and 
have  been  saved  by  only  a  little  less  than  a  miracle.  In 
them  the  hoarse  wail  of  the  storm  awakens  the  deepest 
emotions  and  the  best  impulses  of  human  nature.  Several 
have  immortalized  their  names  by  acts  of  extraordinary 
heroism  well  worthy  of  recital  here,  but  omitted  for  obvious 
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reasons.  Some  have  made  important  inventions  and 
improvements  in  life-saving  appliances,  and  all  are  men  of 
excellent  reputation  in  their  profession. 

STATIONS    AND   THEIR    LOCATIONS. 

The  districts  are  subdivided  into  stations,  known  by  the 
names  of  their  localities,  and  situated  with  regard  to  the 
special  dangers  of  the  coast.  They  are  of  two  kinds : 
complete  life-saving  stations,  and  houses  of  refuge.  The 
former  have  a  building  constructed  of  wood  without  much 
reference  to  architectural  effect,  but  designed  to  withstand 
the  tempest,  and  afford  comfortable  quarters  for  the  surf- 
men  and  convenient  rooms  for  the  apparatus.  On  the  first 
floor  there  are  a  boat-room,  kitchen,  keeper's  office  and  sitting- 
room  for  the  crew ;  on  the  second  floor,  the  sleeping  apart- 
ments. A  lookout  tower  for  the  day-watch  is  placed  upon 
the  roof  or  near  by,  and  there  is  a  flag-staff  for  signalling, 
the  service  co-operating  in  this  matter  with  the  maritime 
associations  of  the  country.  A  wreck-pole  is  also  generallv 
set  up  in  the  vicinity  for  the  purpose  of  practice  with  the 
breeches-buoy  apparatus.  The  equipments  usually  com- 
prise two  boats  with  outfits,  a  life-car,  two  sets  of  the 
breeches-buoy,  a  Lyle  life-gun,  cork  jackets,  heaving-sticks, 
night-signals,  rockets,  signal-flags,  barometer,  thermometer, 
necessary  furniture,  etc.  Crews,  generally  consisting  of  six 
men  and  a  keeper,  are  maintained  during  the  active  season 
— defined  hereafter — the  keeper  being  required  to  reside  at 
the  station  the  year  round,  unless  granted  an  occasional 
short  leave  of  absence  during  the  inactive  season,  when  a 
substitute  must  be  furnished. 

A  house  of  refuge  is  provided  with  a  frame  house  of 
sufficient  capacity  to  accommodate  as  many  persons  as  arc 
likely  to  be  cast  on  the  adjacent  shore,  and  furnished  with 
the  means  of  supplying  their  immediate  wants.  A  small 
boat  is  supplied  for  the  use  of  tlie  keeper,  but  no  crew  is 
maintained.  The  keeper  and  his  family  reside  in  the  house, 
and  the  beach  is  patrolled  bv  them  at  such  time  as  wrecks 
arc  likely  to  occur. 

The    whole    number    of  stations    of  both    kinds    at    tlie 
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present  time  is  240,  several  of  them  not  yet  fully  completed 
and  manned. 

Bv  far  the  greater  part  of  our  ocean  commerce  is  on  the 
Atlantic,  and  on  that  dangerous  coast  are  located  a  majority 
of  the  stations.  On  the  coast  of  Maine  and  New  Hamp- 
shire there  are  ten ;  these  shores,  though  rugged  and  stormy, 
having  excellent  and  numerous  harbors  of  refuge.  The 
Humane  Society  of  Massachusetts  renders  good  service 
from  the  New  Hampshire  line  to  Race  Point  on  Cape  Cod, 
and  therefore  the  United  States  provide  protection  for  only 
a  half-dozen  especially  dangerous  points  within  those  limits. 
In  Mr.  Kimball's  address  before  the  recent  International 
Marine  Conference,  Cape  Cod  is  aptly  described  as  a  narrow 
strip  of  sand,  stretching  directly  out  into  the  ocean  some 
forty  miles,  then  turning  abruptly  northward  for  an  equal 
distance,  like  a  threatening  arm,  its  bars  and  beaches  being 
the  burial-ground  of  unnumbered  craft.  Here  ten  stations 
keep  '*  watch  and  ward,"  at  nearly  equaj.  distances  apart, 
and  well  arranged  to  cooperate  with  one  another.  From 
the  extremity  of  the  Cape  to  Montauk  Point  there  are  nine. 

White-winged  messengers  of  commerce  swarm  along 
the  coasts  of  Long  Island  and  New  Jersey  as  a  miultitude 
throngs  the  principal  thoroughfare  of  a  metropolis,  and 
these  shores  are  abundant  with  perils.  On  Long  Island 
there  are  thirty-nine  and  on  the  New  Jersey  coast  forty 
stations.  From  Cape  Henlopen  to  Cape  Charles  seventeen 
treacherous  points  are  guarded  ;  from  Cape  Henry  to  Cape 
Hatteras — the  sailors'  traditional  horror — twenty-three.  On 
the  coast  of  Florida,  wrecks  are  usually  cast  well  upon  the 
land,  the  shipwrecked  generally  reaching  the  shore  in 
safety,  but  sorely  in  need  of  temporary  shelter  and  susten- 
ance. Here  are  located  the  houses  of  refuge,  ten  in  num- 
ber besides  one  fully-equipped  station  at  Jupiter  Inlet,  a 
point  of  considerable  danger,  about  two-thirds  of  the  way 
down  the  coast.  The  Gulf  of  Mexico  has  points  of  suffi- 
cient importance  to  call  for  eight  complete  stations. 

Passing  up  to  the  Great  Lakes  we  find  five  immense 
bodies  of  water  with  few  natural  harbors,  and  freighted 
with  commerce  of  amazing  proportions.     Here  the  mariner 
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finds  the  dreaded  lee-shore  always  under  his  forefoot. 
The  extraordinary  dangers  of  these  land-locked  waters 
furnish  ample  work  for  forty-nine  crews.  On  the  Pacific 
Coast,  strandings  are  not  frequent,  the  prevailing  winds 
blowing  along  rather  than  upon  the  shore.  To  the  present 
time  twelve  stations  have  been  located  there. 

KKEPERS. 

Everv  station  is  in  charore  of  an  officer  who  is  reallv  the 
captain  of  the  crew,  but  is  technically  known  as  the  keeper, 
that  designation  having  been  made  in  the  early  days  when 
only  one  man  was  employed  merely  to  keep  the  apparatus 
in  order  for  the  use  of  volunteers  on  occasions  of  wreck. 
The  keeper  is  the  person  who  directs  the  actual  operations 
of  life-saving.  He  decides  upon  all  the  movements,  com- 
mands and  steers  the  boat,  and  exercises  absohite 
authority  over  the  crew.  There  are  difficult  and  fearfully 
important  questions  to  be  decided,  and  the  decision  must 
be  made  then  and  there,  under  the  pressure  of  excitement, 
with  human  life  trembling  in  the  balance.  Obviously  this 
officer  should  be  a  man  of  skill  in  the  surf,  of  sound  discre- 
tion, of  dauntless  courage.  He  must  be  able-bodied,  level- 
headed, and  like  Nelson,  unacquainted  with  fear. 

As  in  the  case  of  superintendents,  the  selection  of 
keepers  is  a  matter  of  great  moment  to  the  service.  They 
are  generally  nominated  by  the  district  superintendents, 
with  a  written  statement  of  reasons  upon  which  the  nomi- 
nations are  based.  If  approved  by  the  general  superinten- 
dent, appointment  follows.  Keepers  must  not  be  under 
twenty-one  nor  over  forty-five  years  of  age  upon  entering 
the  service,  and  are  recjuired,  aside  from  the  retiuisite 
qualifications  of  surfmen,  to  possess  sufficient  education 
to  keep  the  records  of  the  station,  ixwCk  conduct  ordinary 
correspondence.  Under  this  system  an  excellent  body  of 
men  has  been  secured.  Their  record  for  courageous  con- 
duct in  the  face  of  extreme  danger  is  without  stain,  but 
there  have  been  some  instances  where  a  fatal  error  of 
judgment  has  recjuired  a  keeper's  removal.  I  recollect 
sucli  a  case  (the  error  resultintr  in   loss  of  life)  where  the 
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keeper  distinguished  himself  by  the  display  of  remarkable 
courage  on  the  very  occasion  of  his  failure,  risking  his  life 
with  reckless  daring,  and  even  suffering  physical  injury. 
The  general  superintendent  was  criticised  for  this  removal 
as  an  act  of  unnecessarv  harshness,  but  his  conclusive 
reply  was  that  when  human  life  is  at  stake,  whatever  may 
be  second  among  the  qualifications  of  a  keeper,  unques- 
tionable sound  judgment  must  be  first. 

The  keepers  of  complete  stations  are  generally  paid  $700 
per  annum.  The  Secretary  of  the  Treasury  may,  under  the 
law,  allow  a  maximum  of  $800,  but  this  sum  is  awarded 
only  in  cases  where  keepers  have  won  special  merit  by  the 
exhibition  of  superior  courage  and  capacity.  Keepers  of 
houses  of  refuge  receive  $600  each  per  annum. 

CREWS. 

The  crews  are  technically  known  as  surfmen.  Nobody 
need  tell  you  what  stuff  they  should  be  made  of — the 
hazardous  nature  of  their  vocation  tells  that.  Mere  sailors 
will  not  do.  Between  the  average  sailor  and  a  genuine 
surfman  there  is  a  wide  difference  ;  the  former  frequently, 
I  might  say  generally,  knowing  little  of  surf-life.  These 
crews  must  be  surfmen,  they  must  be  the  best,  with  muscles 
of  steel  and  hearts  of  oak.  They  are  selected  by  the  keeper 
from  the  best  men  obtainable  in  the  neighborhood,  and 
must  not  be  over  forty-five  years  of  age  when  originally 
enlisted.  They  are  admitted  only  after  rigid  examination 
as  to  their  physical  and  professional  qualifications.  They 
may  not  be  discharged  without  good  cause,  and  (with  only 
two  exceptions)  not  without  special  authority  from  the 
general  superintendent.  The  exceptions  noted  are  neglect 
of  patrol  duty  and  disobedience  at  a  wreck,  for  either  of 
which  a  keeper  may  dismiss  a  man  on  the  spot.  Happily 
these  offences  are  of  rare  occurrence.  Almost  always  the 
surfmen  have  displayed  royal  qualities  crowned  with  daunt- 
less courage.  Their  pay  is  $50  per  month,  during  the  active 
season  only,  and  $3  for  each  occasion  of  service  during 
the  inactive  season.  From  the  meagre  sums  paid  to  keepers 
and  surfmen,  they  must  supply  their  own  food  and  clothing. 
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That  the  rates  of  compensation  are  less  than  just  is  hardly 
an  open  question.  At  all  events,  as  long  as  they  prevail, 
the  service  may  be  considered  safe  from  the  assaults  of 
unworthy  seekers  of  soft  places  with  fat  salaries. 

DISCIl'I.INH. 

Here  is  a  large  corps  of  men,  numerously  subdivided 
and  widely  scattered,  whose  efficiency  depends  upon  disci- 
pline; how  is  that  secured?  In  the  first  place,  the  discipline 
of  the  crew  devolves  upon  the  keeper.  He  is  required  to 
keep  a  daily  log  or  journal,  in  which  must  be  noted  all 
official  transactions,  including  drill  with  the  boat  and  prac- 
tice with  the  beach  apparatus.  A  transcript  of  the  journal 
must  be  forwarded  each  week  to  the  general  superin- 
tendent at  Washington,  through  the  district  superintendent. 
The  keeper  may  generally  be  relied  upon  to  report  any 
serious  infractions  of  the  regulations,  because,  besides  being 
required  to  do  so,  the  maintenance  of  his  own  authority 
demands  it. 

But  who  is  to  maintain  the  watchful  eye  upon  the 
keeper?  Primarily  he  is  under  the  charge  of  the  district 
superintendent,  who  mtist  make  an  inspection  of  all  station 
alfairs  upon  his  quarterly  visits,  and  render  a  report  in 
writing  to  headquarters  at  Washington.  There  is  also  in 
each  district,  an  assistant  inspector — an  officer  of  the  Reve- 
nue Cutter  vService,  detailed  for  the  duty — who  is  reqtiired 
to  make  a  tour  of  the  stations  once  every  month  during  the 
active  season  ;  oftener  if  occasion  should  require.  This 
officer  drills  the  crew,  examines  them  in  their  various 
duties,  and  is  especially  charged  with  matters  looking  t«) 
good  order  and  discipline.  He  must  also  make  a  written 
report  to  headquarters  at  Washington.  Then  there  is  one 
general  inspector  of  the  service.  Among  a  variety  of  other 
duties,  he  mtist  make  periodical  inspection  of  all  the  dis- 
tricts, and  file  a  report  in  detail  at  headcjuarters  in  Wash- 
ington. Thus,  it  will  be  perceived,  reports  are  constantly 
flowing  from  the  branches  to  the  centre  of  the  service. 

With  a  view  to  entire  equity  as  far  as  possible,  the  gen- 
eral superintendent  has  not  discouraged  those  whom  I  may 
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call  the  the  privates  in  the  ranks,  from  holding  communica- 
tion with  himself,  when  they  may  feel  that  they  should  be 
heard  directly  without  intervention.  And  yet  all  this 
would  not  make  sure  that  condition  of  proper  restraint  and 
reasonable  freedom  essential  to  healthy  esprit  de  corps  if 
there  were  not  at  the  head,  an  ungloved  hand  upon  the 
helm.  The  dignity  and  authority  of  the  officers  must  be 
maintained,  the  rights  and  self-respect  of  the  men  preserved. 
Xo  failure  of  duty  is  excused  except  upon  strong  reason, 
after  searching  investigation.  The  grievance  of  the  hum- 
blest surfman  is  inquired  into,  and  rectified  if  well  grounded, 
with  all  the  care  and  impartiality  which  attend  the  treat- 
ment of  a  complaint  preferred  by  the  highest  officer.  The 
result  is  that  discipline  is  good,  and  there  is  coexistent 
with  it,  that  feeling  of  restfulness  and  contentment  among 
the  men  which  is  indispensable  to  a  healthful  and  success- 
ful service. 

OPERATIONS — BOATS. 

On  the  Atlantic  Coast  the  "  active  season  "  opens  on  the 
1st  of  September  and  closes  on  the  30th  of  April;  on  the 
lakes,  it  opens  and  closes  with  the  opening  and  closing  of 
navigation  ;  on  the  Pacific  the  stations  are  open  and 
manned  the  entire  year,  disasters  occurring  there  more  fre- 
quently from  local  causes  than  from  mere  stress  of  weather, 
and  being  about  as  likely  to  happen  at  one  season  as 
another. 

On  the  Atlantic,  the  ist  of  September  witnesses  the 
muster  of  the  crews.  The  men  are  told  off  by  numbers, 
the  presumably  best  surfman  ranking  as  number  one,  next 
to  the  keeper,  the  others  in  regular  ntimerical  order  accord- 
ing to  known  or  supposed  qualifications.  The  rules  are 
read,  and  the  house  is  set  in  order.  Usually  the  members 
of  the  crew  take  turns  in  cooking,  though  they  sometimes 
prefer  to  employ  a  cook.  The  domiciliary  preparations 
having  been  completed,  regular  drill  is  begun,  each  day 
being  .set  apart  for  a  special  purpose.  The  surf-boat  or 
the  life-boat  is  taken  to  the  water,  launched,  and  worked  in 
the  surf.  Probably  few  who  have  ever  gone  out  or  come  in 
through  the  breakers  in  a  well-handled  boat,  have  any  ade- 
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quate  idea  of  the  danger.  This  operation  involves  the 
most  difficult  boat  management  known  to  the  sea,  even  on 
an  ordinarily  calm  day.  When  the  ocean  is  disturbed  by 
the  storm,  the  waves  are  lifted  in  huge  volumes  many  feet 
into  the  air  as  if  by  some  great  magnet,  which  suddenly 
loses  its  power,  and  they  fall  with  a  deafening  roar,  chasing 
each  other  in  fury  across  the  beach  often  to  the  high  land. 
The  boat  must  never  be  caught  on  the  crest  of  one  of  these 
foaming  billows,  but  must  lag  behind,  or  run  before  them. 
These  are  tricks  to  be  played  with  a  treacherous  foe,  and 
woe  to  him  who  makes  a  mistake.  In  such  case  the  boat 
is  either  broached  to  and  capsized,  or  lifted  on  end  and 
toppled  over,  when  the  hapless  crew  must  swim  for  their 
lives. 

Nothing  steadies  a  boatman's  nerve  so  much  as  confi- 
dence in  his  craft.  He  must  feel  that  she  is  agile  and  sea- 
worthy, and  will  not  play  him  false.  In  pursuit  of  these 
qualities  the  service  has  expended  indefatigable  industry. 
On  the  more  important  parts  of  our  coasts,  the  English 
life-boat  would  be  useless.  It  is  a  grand  boat,  and  there 
clusters  about  it  a  glory  of  successful  effort,  which  has 
made  its  very  name  honored  and  beloved,  but  its  great 
weight  restricts  its  use  with  us  to  exceptional  localities.  It 
weighs  from  two  to  four  tons,  is  furnished  with  a  heavy 
iron  keel  to  secure  the  self-righting  quality,  and  draws  a 
good  deal  of  water.  Imagine  seven  or  eight  men  on  any  of 
our  flat  beaches  attempting  to  push  one  of  these  to  deep 
water.  Twenty  men  would  exhaust  their  power  and  fail  in 
the  undertaking.  Where  these  noble  boats  may  be  plunged 
at  once  into  water  of  sufficient  depth  they  are  admirable, 
but  for  general  purposes  we  have  excellent  models  much 
less  than  half  the  weight  of  the  lightest  English  life-boat, 
and  possessing  its  best  (jualities.  The  Heebe-McLcllan 
surf-boats  are  self-bailers,  and  as  now  equipped,  readily 
righted  if  capsized.  They  are  of  light  draft,  easily  launched 
and  handled,  and  our  crews  have  accomplished  with  them 
prodigies  of  surfmanship. 

The  Dobbins  life-boat,  altht)ugh  heavier,  is  still  compara- 
tivelv  light,  and  wull  adapted  to   the  demands   of  many  of 
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our  stations,  where  it  has  proved  its  efficiency.  The  same 
may  be  said  of  the  Richardson  life-boat.  All  three  of  these 
boats  have  been  invented  or  adapted  by  the  skill  and  intel- 
lieence  of  officers  of  the  service.  There  are  also  in  use  at 
appropriate  places  a  number  of  boats  of  the  English  model. 
Surprise  is  sometimes  manifested  by  persons  unacquainted 
with  the  use  of  life-  and  surf-boats,  that  capsizes  take  place. 
It  should  be  understood  that  no  boat  has  yet  been  invented 
which  may  not  be  upset.  If  such  were  not  the  case,  there 
would  be  no  need  of  the  self-righting  quality,  and  a  self- 
bailer  furnished  with  air  cases  so  that  she  could  not  sink, 
\vould  make  life-boat  service  little  more  than  a  matter  of 
exhilarating  pastime.  But  while  a  capsize  is  liable  to  occur 
at  any  moment,  our  service  has  been  reasonably  free  from 
serious  casualties  in  this  way.  During  the  existence  of  the 
present  system  there  have  been  some  sixteen  cases 
including  various  types  of  boats,  involving  a  loss  of 
twenty-eight  surfmen  and  fourteen  shipwrecked  people. 
During  the  same  period,  the  English  life-boat,  which 
is  selected  for  comparison,  because  heretofore  supposed 
to  possess  every  attainable  best  quality,  has  capsized 
twenty-one  times,  with  a  loss  of  sixty-eight  boatmen  and 
seven  shipwrecked  persons.  When  the  number  of  times 
our  boats  have  been  'in  service  and  the  number  of  persons 
involved  are  considered,  the  percentage  of  loss  is  perhaps 
as  small  as  may  ever  be  expected — certainly  so  until  some 
now  inconceivable  invention  has  rendered  a  capsize  next  to, 
if  not  absolutely,  impossible. 

HREECHES-BUOV — LVLE-GUN — LIFE-CAR. 

Boat  drill  alternates  with  practice  in  working  the 
breeches-buoy  apparatus.  This  device  is  like  a  pair  of 
trunks  or  knee  breeches  made  of  canvas  with  a  circular 
life-buoy  for  a  waist  belt,  and  is  hung  by  four  small  ropes  to 
a  pulley  running  on  a  hawser.  First,  a  small  line  about  a 
quarter  of  an  inch  in  diameter  and  very  strong  is  thro /vn 
over  the  ship  with  the  gun.  This  line  is  hauled  on  board 
by  the  sailors,  having  attached  to  its  shore  end  an  endless 
larger  line  called  the  whip,  run  through  a  pulley,  to  which 
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is  attached  a  tally-board  with  directions  for  its  adjustment 
on  board  printed  in  English  and  French.  When  the  whip- 
line  block  reaches  the  vessel  it  is  made  fast  by  the  sailors, 
well  up  on  the  mast  if  possible.  The  rest  of  the  work  is 
done  by  the  life-savers.  Hauling  on  one  part  of  the  whip, 
they  send  out  a  three-inch  hawser,  also  bearing  a  tally-board 
with  instructions  that  it  be  made  fast  just  above  the  whip- 
line.  The  shore  end  of  the  hawser  is  anchored  in  the  sand, 
and  raised  from  the  earth  on  a  tripod  or  crotch.  Then  the 
breeches-buoy  is  swung  to  the  hawser,  fastened  to  the  whip, 
and  all  is  ready.  By  pulling  on  one  part  of  the  whip  the 
buoy  is  sent  out,  and  by  reversing  the  action  drawn  back, 
each  return  generally  bringing  to  the  shore  in  safety  one 
or  two  people.  By  this  simple  contrivance  thousands  of 
lives  have  been  saved.  Practice  with  this  apparatus  is  con- 
ducted on  shore  with  the  wreck-pole,  already  referred  to, 
serving  as  the  mast  of  a  disabled  vessel.  The  life-gun  is 
the  invention  of  Capt.  David  A.  Lyle,  a  distinguished  officer 
of  the  Ordnance  Corps  of  the  United  States  Army,  whose 
name  it  bears.  It  is  composed  of  bronze,  and  with  its  line- 
carrying  projectile,  weighs  a  little  over  200  pounds.  It  has 
a  range,  under  the  most  favorable  conditions,  of  nearl}-  700 
yards,  and  has  so  far  nobly  met  the  requirements  of  the 
service. 

The  safety  of  the  breeches-buoy  as  a  means  of  rescue  is 
well  established  by  the  fact  that  there  is  but  a  single  instance 
on  our  records  where  a  person  once  embarked  in  it  has  been 
lost. 

The  life-car  now  in  use  in  our  service  embraces  the 
essential  features  of  the  "  Francis  Metallic  Life-Car,"  made 
famous  some  forty  years  ago  by  the  rescue  of  a  large  num- 
ber of  people  from  the  wreck  of  the  Ayrshire,  on  the 
coast  of  New  Jersey.  The  car  of  the  life-saving  service  is 
constructed  of  metal  in  the  shape  of  a  boat,  sharp  at  both 
ends  and  housed  in.  Access  is  had  by  way  of  a  small  hatch, 
which  may  be  securely  fastened  either  on  the  outside  or 
inside,  and  the  car  may  be  drawn  to  and  fro,  either  sus- 
pended on  a  hawser,  or  through  the  water.  It  is  of  sufficient 
capacitv  to  accommodate  several  persons. 
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LOOKOUT-^PATROL — TELEPHONE. 

From  sunrise  to  sunset  the  lookouts  by  turns  keep  their 
perch  in  the  lookout  tower,  and  when  night  approaches  the 
patrols  prepare  for  the  lonely  tramp  along  the  shore.  At 
anv  hour  from  night-fall  to  day-break,  during  the  eight 
stormy  months  of  the  year,  were  you  to  find  yourself  on  a 
beach  protected  by  the  life-saving  service,  you  would  be  sure 
of  meeting  one  friendly  traveller  to  give  you  greeting. 

The  importance  of  this  system,  of  patrol  at  night — and  by 
day  in  thick  weather — cannot  be  overestimated.  It  makes 
sure  that  a  wreck  shall  not  come  tumbling  in,  and  be  left 
undiscovered  and  helpless  for  hours  when  moments  are  pre- 
cious, and  delay  is  almost  certain  to  result  in  unnecessary 
if  not  wholesale  loss  of  life.  By  the  patrol  system  a  wreck 
is  almost  always  discovered  within  an  hour,  generally  in  a 
few  minutes. 

The  labor  and  hardship  patrol  duty  imposes  upon  the 
surfmen  are  not  likely  to  be  fully  appreciated  until  one  is 
informed  of  the  difficulties  and  dangers  attending  it.  On 
some  of  our  beaches  the  patrol  is  at  all  times  compelled  to 
wade  for  considerable  portions  of  his  beat  through  small 
streams  and  inlets,  and  when  the  tide  is  unusually  high  or 
the  rivulets  are  swollen  to  formidable  proportions,  his  duty 
is  never  without  peril  to  his  life.  It  not  unfrequently 
happens  that  the  way  is  lost,  or  the  stress  of  circumstances 
compels  a  deviation  from  the  usual  course,  when  unseen 
and  unknown  dangers  are  encountered,  such  as  bluffs  and 
gullies,  occasioning  frequent  injury  by  falling,  etc. 

The  six  members  of  the  crew  are  divided  into  three 
reliefs  of  two  men  each,  the  first  relief  doing  duty  from  sun- 
set to  eight  o'clock — the  men  going  in  opposite  directions 
— the  second  from  eight  to  midnight,  the  third  from  mid- 
night to  4  A.M.,  and  the  first  again  from  4  A.M.  to  sunrise, 
the  order  being  so  changed  from  day  to  day  that  the  double 
duty  of  the  first  relief,  as  above  indicated,  shall  not  fall  to 
the  same  individuals. 

The  patrolman  is  equipped  with  a  lantern,  a  night  signal 
or  two,  and  a  check.  The  lantern  lights  his  way  ;  the  signal 
— something  like    a  Roman-candle  burning  a  brilliant  red 
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liijht — is  carried  to  warn  off  vessels  standinj^  into  danv^cr. 
During  the  last  year  227  vessels  were  warned  away  and  saved 
with  many  valuable  lives  by  this  simple  beacon  light.  The 
check  the  patrolman  carries  to  exchange  with  his  fellow  on 
the  adjacent  beat,  each  taking  back  as  a  voucher  of  his 
fidelity,  the  one  received  from  the  other.  Sometimes,  alas, 
the  check  is  never  exchanged.  Darkness  and  tempest  and 
pitfall  with  exhausted  human  energy  have  conquered  the 
brave  heart,  and  its  pulsations  have  expired  on  the  stormy 
pathway  of  duty.  It  is  a  perilous  task  to  traverse  those 
desolate  shores  for  miles  in  weather  which  would  deter  us 
from  the  streets  of  Philadelphia,  and  I  can  imagine  no 
sadder  scene  than  that  which  has  been  witnessed  more  than 
once  in  our  service,  of  a  search  party  tenderly  bearing  back 
to  the  stricken  station  the  body  of  a  comrade  fallen  by  the 
wayside,  every  man  impressed  with  the  knowledge  that 
come  what  may  another  must  complete  the  broken  journey. 

Pertinent  to  lookout  and  patrol  duty,  and  very  closely 
related  to  it,  may  be  mentioned  the  system  of  telephonic 
connection  now  \videly  used  in  the  service.  Where  the 
coasts  are  most  dangerous  the  stations  are  most  numerous, 
and  therefore  nearest  together,  enabling  them  if  informed 
of  a  disaster  to  cooperate  in  the  work  of  rescue.  The  tele- 
phone furnishes  a  ready  means  of  communication  by  day 
or  night,  and  without  the  necessity  of  special  operators  to 
use  it.  The  admirable  results  obtained  in  this  way  may 
be  illustrated  by  the  fact  that  as  many  as  three  crews  have 
thus  been  brought  together  for  combined  service  within 
less  than  two  hours  from  the  discovery  of  a  doomed  vessel. 

While  this  feature  is  perhaps  the  most  important,  it  by 
no  means  comprehends  the  entire  benefits  of  the  telephone. 
Nothing  exerts  a  stronger  infiuence  upon  individuals  and 
communities  than  contact  and  association  with  others. 
Ambition  and  competition  are  thus  aroused.  Precisely  this 
effect  lias  l)een  produced  upon  the  morale  of  the  service  by 
the  introduction  'v)f  the  telephone.  A  few  men  set  apart  in 
an  isolated  position,  without  outside  associations,  generally 
develop  a  tendency  to  sluggishness  and  demoralization,  but 
when  tlie  telephone  informs  a  crew  that  tlieir  neighbors  arc 
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up  and  doing',  out  in  a  heavy  surf,  or  at  work  on  the  beach^ 
setting  up  the  apparatus  and  landing  a  man  in  less  than 
eight  minutes — as  is  often  done  at  drill — they  are  apt  to 
conclude  that  they  are  just  as  capable  as  their  enterprising^ 
comrades,  and  are  generally  not  long  in  going  to  work  to 
prove  it.  In  this  and  similar  obvious  ways  the  telephone 
has  proved  an  invaluable  auxiliary  to  the  efficiency  of  the 
service.  To  the  present  time,  about  one-half  of  the  whole 
number  of  stations  have  been  supplied  with  telephonic 
service.  Extension  is  being  made  where  feasible  and  desir- 
able, as  rapidly  as  circumstances  admit. 

WRECKS. 

When  a  wreck  is  discovered  at  night,  a  signal  is  burned 
to  inform  the  disabled  vessel  that  succor  is  at  hand,  and  the 
patrolman  hastens  to  the  station  to  give  the  alarm.  Then 
there  is  hurrying  to  and  fro.  Every  man  is  on  duty.  The 
beach  apparatus  is  at  all  times  stowed  in  the  hand-cart  in 
an  orderly  manner,  having  reference  to  the  sequence  of  the 
use  of  the  various  parts.  This  apparatus  consists  of  the  gun 
for  throwing  the  shot-line,  the  whip-line,  hawser,  sand- 
anchor,  breeches-buoy,  shovels,  lanterns  and  implements 
necessary  to  set  up  the  gear.  The  surf-  or  life-boat,  with 
its  equipments,  is  always  mounted  on  the  wagon,  and  every- 
thing is  ready,  as  in  the  engine  house  of  a  city  fire  depart- 
ment, to  proceed  without  dela}^  to  the  scene  of  operations. 

Although  the  stations  are  located  at  points  where  wrecks 
are  most  likely  to  occur,  the  actual  disaster  is  often  several 
miles  away.  If  possible,  horses  are  used  to  draw  the  boat, 
while  the  men  harness  themselves  to  the  hand-cart,  each 
man  always  taking  the  same  relative  poe^ition.  The  cart 
with  its  load  weighs  upwards  of  1,500  pounds,  and  the 
journey  is  often  a  toilsome  one,  the  sea  frequently  running 
across  the  entire  beach  to  the  sand  dunes,  commonly  called 
the  sea-wall,  the  men  being  then  compelled  to  plod  their 
way  over  a  yielding  surface,  or  seek  a  more  solid  road 
further  to  the  rear.  ^Sometimes  the  route  leads  through  the 
forest,  where  a  passage  must  be  hewn  with  axes,  so  that  the 
crew  reaches   the  beach   abreast  the  wreck  in  a  condition 
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well  nigh  approaching  exhaustion,  while  the  battle  with  the 
sea  is  still  to  be  fought. 

Then  comes  the  question  of  method — shall  the  boat  be 
used  or  the  life-line  ?  ^leantime  the  roaring,  tumbling, 
eager  waters  are  doing  their  deadly  work.  Whatever  is  to 
be  done  must  be  done  quickly.  Here  is  a  situation  which 
makes  a  blunder  almost  as  bad  as  a  crime.  If  practicable, 
and  especially  if  the  stranded  vessel  is  likely  to  break  up  at 
once,  the  boat  is  tried.  This  is  required  to  be  done  because 
it  is  the  readiest  method,  and  if  successful  results  in  saving 
many  lives  at  once ;  but  to  launch  a  boat  in  the  face  of  an 
angry  surf  is  frequently  beyond  the  compass  of  the  utmost 
skill  and  resolution.  However,  no  keeper  is  excusable  for 
failing  to  make  an  effort  unless  it  would  be  obviously  and 
beyond  dispute  foolhardy,  or  is  clearly  unnecessar}^  In 
such  cases  the  breeches-buoy  or  the  life-car  is  employed. 
The  success  of  these  methods  depends  upon  the  possibility 
of  getting  a  line  to  the  ship,  which  must  be  done  with  the 
gun,  unless,  as  rarely  happens,  one  is  sent  ashore  by  a  float 
from  the  wreck. 

Usually  the  gun  is  capable  of  reaching  the  vessel,  and 
when  communication  is  once  established  with  the  shot-line 
the  first  and  great  problem  in  the  use  of  the  breeches-buoy 
or  the  car  practically  disappears.  The  lines  and  hawsers 
are  of  the  finest  quality,  and  seldom,  almost  never,  break. 
These  three  methods,  the  boat,  the  breeches-buoy  and  the 
life-car  comprise  all  the  means  of  life-saving  known  and  used 
in  the  world.  When  they  have  failed,  hope  may  well  give 
way  to  despair. 

KKsui/rs. 

Omitting  anything  like  an  exhaustive  statement,  let  me 
submit  a  few  figures  epitomizing  the  great  results  accom- 
plished by  the  present  system.  During  the  destructive 
tempest  of  September,  1889,  three  crews  in  the  vicinity  of 
Cape  Henlopen  rescued  194  persons  from  twenty-two 
stranded  vessels,  thirty-nine  being  landed  by  boats,  135  by 
the  breeches-buoy,  and  twenty  by  the  life-car,  not  a  soul 
being  lost.  On  the  3d  of  February,  1880,  in  a  night  of 
intense  darkness,  wild  with  sleet  and  snow,  the  entire  crews 
Vol.  CXXXIII. 
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of  four  vessels  were  rescued  upon  the  coast  of  New  Jersey 
without  the  most  trivial  mishap.  The  appliances  were  set 
up  and  worked  by  the  dim  rays  of  ice-covered  lanterns, 
under  the  most  discouraging  circumstances.  It  would  be 
almost  impossible  to  imagine  better  evidence  than  this  of 
the  usefulness  of  the  daily  drill  to  which  I  have  alread}^ 
referred.  During  that  year  (1880),  only  nine  persons  were 
lost  out  of  1,980  imperilled.  The  smallest  number  lost  in 
any  other  year  was  seventeen  out  of  3,950  imperilled.  In 
the  memorable  March  blizzard  of  that  year  (1888),  fourteen 
sail  vessels  and  two  steamers  were  assisted  near  the  Lewes, 
Del.,  breakwater,  only  two  persons  being  lost.  Four  crews, 
thirty-two  men,  on  the  Delaware  coast,  served  in  the  two 
3'ears,  1888  and  1889,  at  sixty-five  wrecks,  rescuing  499  per- 
sons (an  average  of  fifteen  lives  saved  for  each  individual 
surfman). 

Although  the  scope  of  a  station's  operations  is  usually 
limited  to  a  few  miles,  much  longer  distances  are  sometimes 
made.       Probably     the    most     remarkable    instance    ever 
recorded  occurred  on  the  i8th  of  November,  1886.     On  the 
morning  of  that  day,  two  ghostly  figures,  proving  to  be  two 
vessels  in  distress,  were  discovered  off  the    town  of   Mar- 
quette, on  Lake  Michigan.     There  was  no  life-saving  station 
there,  and  the  people  of  the  vicinity  devoted  the  entire  day 
to  every  sort  of  effort  to  reach  the  forlorn  mariners.     Boats 
and   steam    tugs   were  tried,    a  mortar   and  life-line   were 
invoked.     All    failed.     With    the  departure  of   daylight   a 
pall  of  horror  and  dismay  enveloped  the  town.     The  nearest 
life-saving  station  was  at  Ship  Canal  on  Lake  Superior,  1 10 
miles  away.     Faintly  hoping,  almost  despairing,  a  telegram 
was  sent  stating  the  appalling  facts.     A  special  train  was 
at  once  ordered  at  the  nearest  railway  station  to  Ship  Canal, 
and  the  crew  and  apparatus  were  hastily  embarked  in  the 
midst  of  one    of   the   heaviCvSt  snow    storms  of   the   year. 
Before  midnight  the  life-savers  reached  the   scene  of  dis- 
aster, and   after  eight  fiours  of  indomitable  effort,  safely 
landed  the  two  entire  crews,  twenty-four  persons.     During 
that  year  out  of  6,601  lives  imperilled,  only  fifty-eight  were 
lost. 
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From  1850  to  1870,  there  were  lost  on  the  Long  Island 
and  New  Jersey  coasts  alone,  512  lives — an  average  of 
twenty-five  per  annum — while  under  the  present  system 
from  1 87 1  to  1889,  with  a  largely  augmented  commerce  and 
corresponding  increase  of  disasters,  there  were  lost  119,  an 
average  of  less  than  seven  per  annum,  a  reduction  of 
eighty  per  cent.  It  may  be  stated  also  that  the  figures  for 
the  former  period  (no  official  record  having  been  kept)  are 
undoubtedly  far  short  of  the  true  aggregate,  while,  for  the 
latter  period,  all  disasters  are  included.  Taking  the  scope 
of  the  entire  service  into  account,  the  loss  of  life  under  the 
present  system  has  been  only  a  small  fraction  over  one  in 
100. 

To  summarize  the  whole  matter  in  a  single  statement, 
the  entire  loss  on  all  the  coasts  of  the  United  States  under 
the  present  system  since  1871  has  been  only  thirty-eight  in 
excess  of  the  loss  on  the  Long  Island  and  New  Jersey  coasts 
alone  during  the  preceding  twenty  years.  Twenty-eight  of 
these  were  wreckers,  who  rashly  cast  off  the  lines  of  the 
Life-saving  Service  already  on  board,  and  declined  assistance 
until  too  late  to  be  of  any  avail. 

We  have  attended  at  S>452  disasters,  involving  46,383 
lives,  of  which  only  550  have  been  lost,  including  the  twenty- 
eight  unfortunate  wreckers  just  mentioned,  who  were 
unquestionably  the  victims  of  their  own  folly.  In  addition 
to  this  grand  total  of  lives  preserved,  we  have  saved  and 
assisted  to  save  property  to  the  value  of  $89,337,179. 

A  NON-PARTISAN    SKRVICK. 

It  is  assumed  that  the  status  and  achievements  of  the 
Life-saving  Service,  even  as  imperfectly  set  forth  in  these 
remarks,  must  command  general  commendation,  and  I 
should  be  loth  to  close  without  naming  the  one  factor,  which 
perhaps  more  than  any  other  in  my  opinion,  has  contributed 
to  the  splendid  result.     That  is  its  non-partisanship. 

In  his  annual  report  for  1880,  the  present  general  superin- 
tendent, urging  the  necessit\'  of  a  statute  to  place  the 
service  on  a  non-political  basis,  recognized  and  sanctioned 
bv  the  law  of  the  land,  made  use  of  the  following  language  : 
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"  The  last  section  of  the  proposed  bill  embodies  the  import- 
ant provision  that  tJic  appointment  and  employment  of  all 
officers  and  crews  of  the  Life-saving  Service  shall  be  made  solely 
li'ith  reference  to  their  fitness  and  ivithout  reference  to  their 
political  or  party  affiliations. 

"  Much  has  been  said  in  previous  reports  of  the  service, 
upon  the  necessity  of  selecting  its  agents  strictly  upon 
grounds  of  professional  qualification,  entirely  ignoring  all 
considerations  of  party  or  creed,  and  everything,  in  fact,  but 
the  plain  busiiiess  in  hand.  The  sober  sense  of  every  think- 
ing person,  will,  it  is  believed,  approve  this  line  of  conduct. 
The  purpose'for  which  the  establishment  is  organized'  is 
simply  to  save  life  from  wrecks,  and,  secondarily,  property ; 
and  to  most  effectively  carry  out  this  purpose  the  service 
must  not  be  conducted  in  the  interest  of  any  platform  or 
doctrine.  The  Life-saving  Service  is  eminently  one  of 
experts,  and  its  agents  must  be  the  ablest  trained  profes- 
sionals that  can  be  secured. 

"  When  the  wrecked  vessel  is  swept  fore  and  aft  by  the 
winter  seas,  and  haggard  sailors  and  sobbing  women  and 
children  are  clinging  to  shroud  and  bulwark,  the  man  who 
can  best  take  out  the  life-boat  through  the  breakers  to  their 
rescue,  is  the  man  of  all  men  for  this  service,  though  he  be 
a  pagan.  The  gunner  that  can  cast  at  the  first  fire  the 
shot-line  over  the  breaking  deck  when  the  stormy  night  is 
blackest,  and  there  is  nothing  to  guide  his  aim  but  the  spot 
of  light  made  by  the  ship's  lantern  in  the  rigging  amidst 
the  rending  surf  and  overleaping  spray,  be  will  proclaimed, 
by  the  sufferers  his  wreck-craft  brings  to  shore,  the  man 
this  service  demands,  though  every  caucus  on  the  coast 
denounce  his  politics.  If  a  patient  be  in  mortal  danger, 
and  to  save  his  life  a  capital  operation  is  to  be  performed, 
we  send  for  the  surgeon.  We  raise  no  question  of  creed  or 
party — we  want  only  the  surgeon,  and  we  want  the  best. 
When  the  wreck  is  beating  into  ruin  on  the  lee  shore,  the 
case  is  equally  one  of  life  and  death,  and  equally,  to  the 
exclusion  of  every  other  consideration,  is  the  highest  pro- 
fessional ability  required. 

**  Limiting  the  consideration  simply  to  politics,  it  may  be 
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said  that  the  required  expert  might  be  found  in  the  ranks 
of  the  dominant  party,  and  therefore  chosen  in  the  interests 
of  that  party.  But  the  moment  the  principle  of  a  political 
qualification  is  admitted,  the  selection,  even  from  the  party 
itself,  is  liable  to  be  fatally  influenced,  because  another 
object  is  introduced,  namely,  to  reward  some  past  political 
service,  or  to  secure  such  service  in  the  future,  and  the 
choice,  as  in  the  case  of  most  political  appointments,  would 
then  be  made  upon  the  recommendation  of  men  of  political 
prominence  and  aspirations  in  the  locality  of  the  position 
to  be  filled,  in  whom  personal  interest,  the  desire  for  party 
triumph,  or  the  heat  of  party  contest  might  bias  the  judg- 
ment or  create  the  temptation  to  ignore  or  lower  the  profes- 
sional standard,  to  palter  with  the  facts  of  character  and 
conduct,  or  to  blink  defect  and  incapacity,  thus  leading  to 
the  imposition  upon  the  establishment  of  officers  and  surf- 
men  in  respect  to  their  ability  to  control  votes  and  carry 
elections,  rather  than  to  save  human  lives  at  shipwrecks. 
Such  a  rule,  once  put  in  operation,  however  good  in  inten- 
tion, would  end  by  supplanting  superior  agents  with  agents 
less  good,  or  good  for  nothing. 

"  The  effort  to  conduct  the  service  without  reference  to 
such  considerations  has  not  been  accom.plished,  it  is  need- 
less to  say,  without  serious  difficulty.  The  success  is  only 
due  to  constant  firmness  on  the  part  of  the  officers  in  its 
immediate  charge,  invariably  supported,  it  is  gratefully 
acknowledged,  by  superior  official  authority.  But  other  men 
must  succeed  them,  who,  perhaps,  unwarned  by  an  official 
experience,  may  have  less  resolution,  or  entertain  different 
convictions,  or  who  may  simply  serve  the  policy  of  future 
administrations  possessed  with  views  of  the  entire  compati- 
bility of  such  a  service  with  party  politics.  The  time  for 
such  a  change  in  the  fortunes  of  the  Life-saving  Service  may 
come,  and  in  the  stations  trained  surfmen  may  one  by  one 
give  way  to  mere  party  hacks,  perhaps  even  to  the  point  of 
entire  substitution.  But  if  it  does  come — and  this  convic- 
tion it  is  desired  to  put  on  record — from  that  time  the  use- 
fulness of  the  service  will  be  on  the  wane.  Its  efficiency  is 
coexistent   with  its   continuance    in  the  hands  of  the  best 
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surfmen,  chosen  only  for  their  professional  mastery  of  the 
methods  it  employs. 

*'The  section  of  the  bill  referred  to  would  erect  the  only 
solid  barrier  which  can  protect  the  service  from  the  dreaded 
encroachment. 

"  When  by  statute  there  can  be  no  question  of  the  single- 
ness of  purpose  of  the  service,  the  answer  to  those  who 
would  use  it  for  other  ends  is  made  before  they  arrive.  This 
provision  of  the  bill  is  therefore   earnestly  recommended." 

On  the  4th  of  May,  1882,  an  Act  of  Congress  embodying 
the  provision  urged  in  the  above  quotation,  was  approved 
by  the  President  of  the  United  States.  It  is  the  law;  it  has 
been  faithfully  observed,  and  as  long  as  it  continues  to  be 
the  service  must  command  public  confidence  and  will  suc- 
ceed. 

When  a  wreck  is  pounding  on  the  rocks  the  business  in 
hand  is  to  save  all  on  board ;  no  inquiry  is  raised  as  to  their 
nationality,  color  or  politics.  Neither  does  the  service  ask 
nor  care  whether  the  life  savers  are  democrats  or  republi- 
cans, mugwumps  or  prohibitionists,  orthodox  or  heretic,  so 
that  they  are  upright, brave  and  able  surfmen.  It  is  anon- 
partisan  service ;  it  is  a  humane  service — sweet  as  charity, 
broad  as  humanity.  Standing  on  this  noble  eminence, 
above  the  strife  of  party  and  creed,  "like  some  tall  cliff 
above  the  storm,"  standing,  as  it  confessedly  does,  at  the 
head  of  all  similar  institutions  in  the  world,  every  American 
may  love  it,  aid  and  defend  it. 
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The  subnormal  in  GRAPHICAL  DYNAMICS. 


By  Irving  P.  Chur'.h,  Iihaca,  N.  Y. 


Probably  a  large  proportion,  if  not  a  majority,  of  students 
of  applied  mathematics  are  led  to  the  appreciation  of  a 
law,  principle,  or  relation,  more  easily  by  a  graphic,  than  by 
an  analytical,  illustration  or  proof.  Accordingly  we  find 
that  most  text-books  of  mechanics,  in  the  presentation  of 
the  subject  of  the  rectilinear  motion  of  a  "  material  point  " 
(or  "physical  point"),  among  other  modes  of  treatment 
employ  graphical  methods  of  showing  the  relations  between 
any  two  or  three  of  the  four  variables  involved  (viz  :  dis- 
tance^ time,  velocity  and  acceleration),  the  values  of  two  varia- 
bles being  plotted  as  abscissa  and  ordinate,  to  give  points 
in  a  curve. 

For  instance,  taking  as  an  abscissa  the  distance  [s)  of  the 
body  (material  point)  from  a  fixed  origin  in  its  path,  and  as 
an  ordinate  the  time  (/)  which  has  elapsed  since  the  body 
passed  that  origin,  we  obtain  a  curve  at  the  various  points 
of  which  the  co-tangents  of  the  angles  between  the  tangent 
lines  and  the  axis  of  abscissas  are  proportional  to  the 
velocities  (7')  of  the  body  in  passing  the  corresponding 
points  of  its  path;  since 

t = '■•  *■' 

Similarly,  with  the  velocity  (:')  as  ordinate,  and  the  time 
(/)  as  abscissa,  the  tangent  of  the  "tangential  angle"  varies 
as  the  acceleration  (/>)  of  the  motion  :  since 

dt     ^  ^  ^ 

By  eliminating  dt  from  eqs.  (i)  and  (^2),  we  obtain  the 
familiar  relation 

V  dv  =  p  ds.  ( 3) 

While  the  conception  of  the  velocity  of  a  moving  point 
at  a  certain   instant  is  a  comparatively  simple   one   to   the 


24  CJmrch :  [J.  F.  I., 

student,  that  of  its  acceleration  at  the  same  instant  is 
rather  elusive  and  needs  building  up  by  a  variety  of  modes 
of  illustration  in  the  case  of  a  beginner  in  mechanics. 
Now  the  representation  of  the  acceleration  by  the  tangent 
of  an  angle  is  neither  convenient  nor  impressive,  in  graphic 
illustration.  A  length,  however,  that  can  easily  be  con- 
structed and  scaled  off,  whose  variation  during  the  motion, 
even  without  actual  construction  and  scaling,  can  be 
roughly  followed  by  the  eye,  and  whose  position  is  identical 
with  that  of  the  resultant  force,  would  seem  a  much  more 
effective  representative  for  the  acceleration ;  since  the 
acceleration  is  proportional  to  the  resultant  of  all  the  forces 
acting  on  the  body  at  any  instant  and*a  force  is  usually 
represented  by  a  definite  length  having  both  magnitude 
and  position. 

It  is  the  object  of  this  brief  article  to  present  and  illus- 
trate a  simple  method  of  the  writer's  for  the  graphic  con- 
struction of  the  acceleration  at  any  point  of  the  path  of  a 
material  point,  whose  motion  is  rectilinear,  when  the  velocity 
(y)  is  given  as  a  function  of  the  distance  is)  of  the  body  from 
an  origin  in  its  path;  i.  c,  when  we  have  given  a  curve  with 
s  for  abscissa  and  v  as  ordinate,  whether  plotted  from  an 
equation  or  from  the  results  of  experiment. 

Construction. — In  Fig.  i  let  O  be  the  origin  and  OS  the 
actual  path  of  the  body.  Suppose  a  curve  ABC  has  been 
constructed  whose  (horizontal)  ordinates  {x)  are  proportional 
to  the  velocities  (t^  for  the  corresponding  positions  of  the 
body.  Thus  denoting  by  n  the  scale-number  (arbitrary  con- 
stant) adopted  in  laying  of  these  horizontal  ordinates  {e.  g., 
if  six  velocity  units,  or  six  feet  per  second,  are  represented 
by  one  foot  of  distance,  7i  =  6)  we  have  v  =  nx,  and 

n  ' 

and  dv  =  n  dx.  We  here  suppose  the  body  to  have  some 
initial  velocity  c  =  nx^,  on  leaving  (or  passing)  the  origin  O. 
in  being  any  point  in  the  path  of  the  body,  draw  the  cor- 
responding ordinate  x  to  determine  the  point  q  in  this 
''  velocity-distance  curve,"  as  it  may  be  called.     A  normal 
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drawn  to  the  curve  at  q  will  intersect  the  axis  OS  (i.  e.,  the 
path  of  the  body)  in  some  point  A^.  Then  the  acceleration 
(/)  of  the  motion  at  ;;/  is  /  =  /r  X  the  distance  mAF ;  i.  r., 
p  =  n-  X  the  length  of  the  subnormal,  =  n-u.     That  is  to  say, 


'C 

Fig.  I. 

;/  being  constant,  tJie  acceleration  is  proportional  to  the  subnormal 
of  the  ''velocity-distance  curve^'  (coordinates  being  taken  as 
in  Fig.  7). 

Proof. — If  in  eq.  (3)  above  we  substitute  the  values  v  =  nx 
and  dz>  =  n  dx,  we  obtain 

..     dx 
p  =  n  X 
^  ds 

But,  drawing  through  q  the  tangent  line  (/T,  and  a  right 
line  <//>  parallel  to  OS;  and  also  forming  the  elementary 
right  triangle  whose  short  sides  are  the  increments  ds  and  dx  ; 
we  note  that  dx  ~  ds  =  tan  fi ;  whence 


p  —  u-x  tan  ff,  =  tP-  X  mN,  =  n'u  ;  (4) 

(the  angle   TqB  being  =  mqN,  and   the   length  of   the  sub- 
normal ;;/^V  being  denoted  by  //). 
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If  J/  is  the  mass  of  the  material  point  or  small  body,  the 
resultant  force  Pat  this  instant  has  a  value 

l\^Mp,  =AMu;  (5) 

this  resultant  force,  therefore,  as  well  as  the  acceleration, 
can  be  represented  by  the  subnormal.  Putting,  then,  an 
arrow-head  at  A^  we  have  in  inN  a  representative  of  the 
resultant  force,  both  in  amoiuit  and  position.  At  a  point  of  the 
path,  such  as  in\  where  the  velocity  is  diminishing,  the  sub- 
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normal  is  negative,  mN\  as  vShown  in  Fig.  i ;  and  correspond- 
ingly the  resultant  force  is  also  negative  {i.  e.,  a  retarding 
force). 

The  advantage,  then,  of  this  construction  is  that  we  obtain 
at  any  point  m  of  the  path  a  measure  of  the  acceleration, 
and  also  of  the  accelerating  force  (resultant),  in  the  form  of 
an  arrow  of  a  proper  length,  and  also  of  a  proper  position^ 
to  represent  'that  force  as  applied  to  the  body  at  m.  Even  if 
the  ordinates  and  normals  are  not  actually  drawn,  in  glanc- 
ing along  the  curve  the  eye  can  judge  approximately  as  to 
the   variation  of   the  accelerating  force  by  estimating  the 
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mag-nitudes   and  positions   of   the   successive   subnormals. 
The  following  applications  will  be  made  : 

(i)  Free  Fall  in  Vacuo. — Fig.  2.  In  this  familiar  case  of 
motion,  since  the  resultant  force  is  constant,  we  know  the 
acceleration  to  be  the  same  or  constant  at  all  points,  i,  e., 
equal  to  g,  that  of  gravity.  From  mechanics  we  have  for 
this  case,  7^  =  2gs ;  /.  e.,  the  "  velocity-distance  curve  "  is  a 
parabola ;  as  it  ought  to  be,  since  from  analytics  we  know 
that  the  subnormal  of  a  parabola  is  constant.  That  is,  at  ;// 
we  find  a  subnormal  //  equal  to  that,  //,  obtained  at  any 
other  point,  as  at  m'. 

(2)  For  a  nniform  motion  along  OS{i.  e.,  velocity  constant) 
the  curve  becomes  a  right  line  parallel  to  the  axis  or  path 
OS,  and  evidently  the  subnormal  is  zero  at  all  points,  as 
should  be  the  case,  since  the  accelerating  or  resultant  force 
must  be    zero  at  all  points  if  the   velocity  is  not  to  change. 

(3)  If  the  velocity  is  to  increase  in  direct  proportion  to  t fie  dis- 
tance s  of  the  body  from  (9,  the  "velocity-distance  curve" 
again  becomes  a  right  line,  not  parallel  to  the  path,  how- 
ever, but  intersecting  it  in  O.  Here,  obviously,  from  the 
law  of  change  of  the  subnormal,  an  accelerating  force  must 
be  provided  directly  proportional  to  the  distance  s  and  hav- 
ing the  same  sign. 

(4)  Harmonic  Motion. — (As  is  well  known,  the  motion  of 
the  piston  of  a  steam  engine  having  a  massive  fly  wheel  and 
a  long  connecting  rod  is  very  nearly  harmonic.)  The  prin- 
cipal property  of  this  periodic,  oscillatory,  rectilinear  motion 
is  that  the  acceleration  is  proportional  (but  of  opposite  sign) 
to  the  "  displacement  "  or  distance  {s)  from  the  middle  O  of 
the  oscillation. 

In  Fig.  J  let  O  be  the  middle  of  the  oscillation,  D 
and  C  the  extreme  points.  Denote  OD,  =  CD,  by  r,  and 
the  velocity  of  the  body  each  time  it  passes  O  (either  up 
or  down)  by  c.  Let  ;;/  be  any  position  of  the  body  going 
down.  The  circle  (since  all  normals  pass  through  the  centre) 
is  a  curve  in  which  the  subnormal  is  evidently  identical 
with  the  abscissa  (except  that  it  is  of  contrary  sign)  and  hence 
proportional  to  rt ;  of  course,  the  origin  being  at  the  centre. 
Hence  it  is  immediately  apparent,  from   the  above  property 
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of  harmonic  motion,  that  if  a  circle  be  described  with  O  as  a, 
centre  and  radius  equal  to  r,  it  will  be  a  "  velocity-distance 
curve  "  for  the  harmonic  motion  ;  with  a  scale-number  7t  = 
c  ^  r,  since  the  radius  OE  (=  OD  =  r)  is  to  represent  the 
velocity  c. 

(An  ellipse,  also,  would  serve  as  a  velocity-distance 
cur\'e,  the  subnormal  being  proportional  to,  though  not 
coinciding  with,  the  abscissa,  and  of   opposite  sign  ;   but. 


Fig.  3. 
aside  from  its  simplicity  of  construction,  the   circle   has  a 
peculiar  advantage,  as  will  be  seen,  in  representing  the  time 
of  reaching  any  point.) 

The  above  circle  being  drawn,  the  subnormal  ti  for  any 
point  m  of  the  path,  is  equal  to  the  abscissa  s  with  its  sign 
changed,  whence  the  acceleration  is 

2 

p  =  ;/2  u  =:  n^  y  Om  =  --  71^  s,  =  ri^  r  sin  6  =   ^     sin  6 

r 

while  the  velocity  at  ;;/  is 


n  X  =^ 


X  Ls 


X  (so    that  av 


cdx 

r 
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(The  left-hand  half  of  the  circle  pertains  to  the  upward 
return  motion.)  In  this  case  we  find  the  peculiar  feature  that 
the  time  (/)  occupied  by  the  body  in  passing  from  O  to  any 
point  m  is  proportional  to  the  length  of  curve  z  from  E  to  q, 
which  is  proved  as  follows  : 

Inserting  the  above  values  of  /  and  dv  in  the  funda- 
mental relation — 


dv 
^         dt 

there  results 

dt  = 

dx  I 
sm  6      c 

dz 


where  dz  is  the  hypothenuse  of  this  elementary  right  trian- 
gle at  q.     But  this  gives 

%  =  '■  (^> 

That  is,  the  velocity  [dz  -^-  dt)  of  a  point  q  imagined  to 
move  along  the  curve  from  E  and  always  keeping  in  the  hor- 
izontal through  the  material  point  m  as  the  latter  moves 
along  O  ...S,  is  constant,  =  c.  Hence  the  time  (/)  occupied  by 
the  body  in  passing  from  O  to  any  other  point  ;;/  of  its  path 
must  be  the  same  as  that  necessary  for  the  imaginary  point 
q  to  describe  the  linear  arc  E . .  .q,^=  z^  with  a  constant  velocity 
=  c ;  therefore  the  time  /  =  (//;/  arc  Eq)  -^  c.  For  instance, 
the  time  of  passage  from  O  to  the  extreme  point  D  is 

/,     '' 


■-(^)- 


c 


so  that  for  a  complete  cycle  or  period  the  time 


2  T.  r 
c 


Also,  to  pass  from  O  to  D  and  up  again  to  ;;/,  requires  a  time 

lin  arc  E  D  qf* 

c 

Evidently,  to  secure    this   motion,  the  body  having  ihc 
initial  velocity  c  at  O,  the  resultant  force  must  always  point 
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toward  O   and  be  caused  to  vary  in   proportion    to  the  dis- 
placement s ;  its  absolute  value  at  D,  e.  g.,  being 


P^  =  Mir  ujy  =  Mil'  r  = 


Mc' 


That  is,  at  any  point  7/1  it  must  have  a  value 

Mc'        j_^ 
r'^  r 


P=Mn'u  = 


(5)  Free  Fall  with  Air-resistance. — As  an  example  where  a 
practical  application  can  be  made  of  the  foregoing  property 


\    TiME-j)isrAMcr 


uRve. 


t 


Fig.  4. 


of  the  subnormal  in  a  velocity-distance  curve,  let  us  suppose 
that  experiments  have  been  made  in  the  laboratory  (with  a 
tuning-fork  chronograph,  electric  signals,  etc.),  with  the  ver- 
tical free  fall,  in  the  atmosphere,  of  a  body  of  such  compara- 
tively large  bulk  and  small  mass  as  to  meet  with  consider- 
able resistance  from  the  air ;  and  that  it  is  desired,  by  means 
of  the  measured  times  of  reaching  six  successive  points  in 
the  vertical  path,  to  determine  graphically  the  resistance  of 
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the  air  at  each  point,  and  hence  the  dependence  of  this 
resistance  on  the  velocity.  The  body  having  started  from 
rest  at  O,  Fig.  ^,  let  ^i,  ^.,  s.^,  etc.,  be  the  respective  distances 
from  6^  of  the  six  points,  ;;/,,  ;//_„  m.^,  etc.,  and  t^,  t.,  etc.,  the 
observed  times  (all  reckoned  from  the  instant  of  leaving  O). 
Selecting  a  convenient  scale-number  k  for  the  times  {e.  g., 
with  the  foot  and  second,  k  =  ^  signifies  that  one  foot  of 
ordinate  represents  five  seconds  of  time)  plot  the  six  horizon- 
tal ordinatesj  =  t^  -r-  k,)'.,  =  /.-.-^  /',  etc.;  (in  general/'/  =  /and 


Fi(,.  5. 


^/  =ikdy).  Through  (9and  the  six  points  last  determined,  and 
A^,  A.,,  etc.,  draw  carefully  a  smooth  curve,  and  at  each  of 
the  six  points  a  tangent  line  :  and  also  from  each  point  lay  off 
to  the  left,  along  the  ordinate,  a  convenient  distance  a,  the 
same  for  all,  through  whose  left-hand  extremity  draw  a  par- 
allel to  O.  .  .  S  to  meet  the  corresponding  tangent  line  and 
thus  determine  six  vertical  distances.!,,  ,r.„ etc.,  proportional 
to  the  velocities  of  the  body  as  it  pa.ssed  the  respective 
points  ;//,,  vi.,,  etc. 
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(For  in  general,  at  any  point,  of  this  ''  time-distance 
curve,"  we  have 

ds  J  ds  7     X 

,r  =  a  tan  a  =  a  .  ^  ~^=^  ak    --  =^  a  k  v). 

dy  dt 

With  the  same  points  in  as  before  on  the  axis  (9.  .  .  5,  now 
plot  the  successive  ;r's  as  horizontal  ordinates  {Fig.  5)  and 
thus  obtain  points  q^,  q.^,  etc.,  on  a  ''velocity-distance  curve" 
OC  (since  these  x's  are  proportional  to  the  velocities  ;  the 
scale-number  implied  in  their  use  as  ordinates  being 

for  nx  (=  v)  must 

X 

ak 
from  above).  A  smooth  curve  OC  is  now  to  be  drawn  and 
the  six  subnormals  constructed.  The  latter  are  proportional 
to  the  values  of  the  respective  resultant  forces  at  the  six 
points  m^,  m.^,  etc.  For  instance,  if  tc  is  the  length  (in  feet, 
say;  the  foot  and  second  having  been  in  use)  of  the  sub- 
normal for  m^y  the  resultant  force  at  m^  [from  eq.  (5)]  is 

r,  -  ivin  u,  -  -^^. 

At  each  lower  point  the  value  of  P  is  smaller,  as  the  air- 
resistance  increases  with  increasing  velocity.  Since  the 
body's  weight  G  acting  downward,  and  the  air-resistance  R 
acting  upward,  are  the  only  forces  actually  exerted  on  the 
body  the  (ideal)  downward  resultant  P  is  equal  to  the  excess 
of  the  former  over  the  latter,  i.e.,P=^G  —  R]  whence  we 
have,  at  any  point  m, 

R^G-%  (7) 

As  to  the  dependence  of  the  air-resistance  R  on  some 
definite  power  of  the  velocity,  further  computations  or 
graphic  operations  can  be  undertaken  in  an  obvious  manner. 

Fig.  5  also  shows  (dotted)  the  parabola,  or  curve  of  con- 
stant subnormal,  which  would  be  obtained  as  the  velocity- 
distance  curve  corresponding  to  a  free  fall  in  vacuo  (plotted 
with  the  same  value  of  n). 
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Tin:  PORT  (»f  PHILADELPHIA. 


Bv  Prof.  Lewis  .\1.  HAirr.  C.  K.,  University  of  l^ennsylvania. 


[y4  lecture  delivcnd  before  the  Franklin  Institute,  Wnumber  20,  iSgr."] 

Some  cities,  like  some  men,  are  born  great,  while  others 
have  greatness  thrust  upon  them. 

Philadelphia  was  destined  to  attain  greatness  from  her 
infancy.  Her  founders  were  not  mere  adventurers,  but 
men  of  firm  religious  convictions,  who  found  on  the  shores 
of  the  majestic  Delaware  a  refuge  from  persecution.  Here 
the  intrepid  vSwede,  the  adventurous  Dane,  the  philosophic 
(German  and  the  conscientious  Quaker  dwelt  together  in 
brotherly  love. 

The  site  of  the  city  was  carefully  selected  by  William 
Penn,  with  reference  to  its  adaptability  to  the  wants  of  a 
large  community.  Its  facility  of  access  by  the  means  then 
available,  its  harbor,  its  topography,  its  sources  of  supply 
of  food,  water  and  fuel,  fish,  game  and  timber,  were  all 
duly  considered,  and  so  wisely  was  the  site  chosen  that  for 
144  years  Philadelphia  maintained  her  supremacy  over  all 
the  cities  of  the  new  world.  Her  ships  covered  the  seas, 
her  *' conestogas "  traversed  the  mountains,  her  manufac- 
tures supplied  the  most  distant  markets,while  her  intelligence 
and  public-spirited  patriotism  made  her  the  cynosure  of  the 
world. 

In  1S20,  five  years  prior  to  the  opening  of  the  V^nc  Canal, 
Philadelphia  had  a  population  of  135,673,  being  1 1,931  more 
than  that  of  New  York.  In  1S30,  five  years  after  the  open- 
ing, there  was  a  balance  of  <S,325  in  favor  of  New  York,  and 
this  difference  has  been  constantly  increasing  to  date.  In 
1840  it  was  54,673  more:  in  1S50,  106,785;  in  i860,  248,140; 
in  1870,  268,270:  in  1880,  359,039  and  in  1890,  468,649,  show- 
ing a  rapid  rate  of  increase. 

The  city  of  Chicago  was  chartered  in  1837,  wilh  4,170 
inhabitants.  At  the  date  of  the  last  census  its  populati(»n 
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was  1,098,576,  or  53,682  more  than  that  of  Philadelphia. 
Thus,  in  a  half  century  this  interior  port  has  outstripped 
her  two-century-old  sister. 

The  opening  of  the  Erie  Canal  caused  a  decline  in  the 
commerce  of  Philadelphia,  while  it  greatly  stimulated  that 
of  New  York,  since  it  increased  immensely  the  territory 
tributary  to  that  centre.  It  did  not  violate  the  general  law 
relative  to  the  location  of  the  proper  site  for  our  city,  viz : 
at  the  point  of  transfer  between  land  and  water  carriage,  or 
at  the  head  of  navigation,  but  it  modified  the  conditions 
and  enabled  both  New^  York  and  Chicago  to  surpass  us,  in 
consequence  of  their  terminal  positions,  on  a  line  of  less 
resistance,  reaching  a  larger  territory. 

The  reason  for  the  locus  of  transfer  being  found  at  the 
head  of  navigation  for  ocean  vessels,  will  become  apparent 
upon  a  moment's  reflection.  While  land  and  w^ater  traffic 
are  reciprocal,  it  must  be  remembered  that  the  water  pro- 
duces comparatively  nothing  while  the  cost  of  movement 
over  it  is  much  less  than  that  on  land.  Hence  the  more 
land  there  is  surrounding  a  navigable  channel  to  the  sea, 
the  greater  will  be  the  commerce.  A  city  on  the  border  of 
an  extended  and  straight  coast-line,  as  Norfolk,  for  instance, 
wnll  have  but  a  semi-circular  area  to  draw  from;  one  which 
is  on  a  reentrant  angle,  like  New  York,  will  have  three- 
fourths  of  the  circle  tributary  to  her  port;  while  one  that  .is 
in  the  heart  of  a  continent,  as  Chicago,  will  have  nearly  the. 
full  circle,  and  hence  for  equal  land  rates  of  transportation 
and  an  equivalent  population,  the  latter  will  have  a  great 
advantage  as  a  shipping  point.  If  there  were  a  deep 
draught  channel  from  Chicago  to  the  sea,  whereby  the  break 
of  bulk  at  Buffalo  and  New  York  might  be  avoided,  the 
water  rate  would  be  still  lower,  and  the  advantage  of  the 
terminals  be  even  greater. 

vSubstantially  the  same  conditions  exist  at  Superior  and 
Duluth  since  the  enlargement  of  the  Sault  vSt.  Mary  Canal, 
excepting  that  a  portion  of  the  tributary  area  is- on  foreign 
territory.  Thus  the  geographical  position  of  the  port  is 
seen  to  be  an  important  factor  in  determining  the  amount 
of  its  commerce,  but  there  are  other  elements  which  mate- 
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rially  affect  this  movement.  One  <jf  these  is  the  cost  of 
land  transportation.  This  is  a  function  of  the  number  and 
character  of  the  ways  of  communication.  The  more  rail- 
roads and  highways  there  are  radiating  from  the  port,  the 
lower  will  be  the  tariff',  provided  the  roads  and  rolling  stock 
are  maintained  in  good  condition  as  competing  lines.  In 
this  particular  New  York  and  Chicago  outstrip  Philadelphia 
in  about  the  ratio  of  six  to  one. 

Cheap  transportation  to  and  from  the  back  country  is 
therefore  another  of  the  ruling  factors  in  determining  the 
amount  of  commerce  of  a  port,  since  it  expands  or  contracts 
the  tributary  areas  inversely  as  the  square  of  the  rate  fluc- 
tuates. 

It  behooves  us,  therefore,  as  citizens,  to  consider  whether 
it  is  not  possible  to  extend  the  tributary  territory  of  this 
point  by  redticing  the  rate  of  traffic  or  by  increasing  our 
facilities  for  reaching  a  mtich  larger  constituency,  for 
patronage  is  the  life  of  trade,  and  the  transportation  lines 
are  the  tentacles  whereby  this  life  is  maintained. 

The  transportation  routes  tributary  to  Philadelphia  are 
the  lines  owned,  controlled,  leased  or  operated  by  the  Penn- 
sylvania Railroad  Companv.  which  embrace  (1S90) : 

First   Tiiiik. 

The  United  Railroads  of  New  Jersey 445'^^ 

New  York  and   Long  Branch   Railroad 3804 

Pennsylvania  Railroad   (Main    Line) 1. 441  "37 

Philadelphia  and  Erie 549*3' 

Northern  Central 38-45 

Junction  Railroad  in   Philadelphia 3*56 

Philadelphia,  Wilmington  and  Baltimore 64808 

New  York,  Philadelphia  and  Norfolk 11 146 

West  Jersey .... 

Camden  and  Atlantic ... 

Cumberland  Valley, 

Allegheny  Valley 


222' 

01 

8o- 

49 

1^.4- 

74 

239-40 

4 

.346 

60 

8, 

.288- 

14 

Total  trackage  in  Pennsylvania,  including  sidings,  etc.. 

In   addition  to  this   there   are  the  following  lines  under 
the  jurisdiction  of  the  "Pennsylvania  Company."  having  its 
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headquarters    at    Pittsburgh,    and    cooperating-    with    the 
Pennsylvania  Railroad : 

Miles. 

The  Pittsburgh,  Fort  Wayne  and  Chicao^o 4^399 

Branches, 352'4 

Leased  lines,     .    .    .    '. 3389 

I,i6r2 

Operated  by  control  of  stocks  : 

Pittsburgh,  Cincinnati,  Chicago  and  St.  Louis,     .    .  1,144*5 

Its  branches 247*7 

Other  lines, 445'9 

1,838*1 

By  guarantees  of  Pennsylvania  Railroad  Company,  491 '  i 

3.490'4 
Mileage  of  Pennsylvania  Railroad  brought  forward,  4.346*6 

Total  mileage  under  control  of  Pennsylvania  Railroad,  7,837*0 

The  Philadelphia  and  Reading  system  embraces  under 
its  control  a  total  of  1,106*6  miles,  and  carried  in  1890,  of  coal, 
10,821,691  gross  tons;  of  miscellaneous  freight,  10,968,536 
gross  tons  :  and,  including  the  weight  of  passengers,  a  total 
of  24,788,527  tons,  the  number  of  passengers  being  18,103,893. 

The  Lehigh  Valley  Railroad  Company's  lines  connecting 
Lake  Ontario  at  Fairhaven  with  New  York  and, Philadel- 
phia, cover  a  distance  of  886*24  miles.  This  company's 
business  is  reported  for  1890  to  have  been : 

Passengers 5,191,821 

Miscellaneous  freight  (gross  tons), 5,358,064 

Coal, 9,101,824 

The  Lehigh  Coal  and  Navigation  Company  have,  of  rail- 
roads (leased  to  Central  Railroad  of  New  Jersey),  192*49 
miles  ;  of  canals  (leased  to  Central  Railroad  of  New  Jersey), 
108  miles. 

The  Baltimore  and  Onio  Railroad  embraces : 

Miles. 

Main  Line  to  Wheeling 379*8o 

Branches  of  Main  Line, 39i*i5 

Philacelphia  Division, 124*00 

Pittsburgh  Division 335'6o 

New  York  Division, c-qc 

Trans-Ohio 647-58 

Valley  Railroad  of  Virginia 62*00 

Ohio  River  Bridge,      2  50 

1,948*13 
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It  connects  Chicago,  Cleveland,  Sandusky  and  Cincinnati 
with  Baltimore,  Philadelphia  and  New  York.  On  the  1,212 
miles  east  of  the  Ohio  it  carried,  in  icSgo,  1 1,469,091  passen- 
gers and  25,652,284  tons  of  freight.  ()f  these  2,529,335 
passengers  and  5,882,289  tons  were  moved  over  the  Phila- 
delphia Division. 

Thus  while  the  mileage  of  these  four  trunk  lines  aggre- 
gates 1 1,970  miles,  it  does  not  mean  that  it  is  all  tributary 
to  Philadelphia.  On  the  contrary  it  is  divided  mainly 
between  New  York,  Philadelphia  and  Baltimore  as  well  as 
its  western  terminals,  and  the  percentage  of  traffic  going  to 
each  is  determined  largely  by  the  local  facilities,  rates, 
demand,  policy  and  interests  of  the  transporting  companies. 
That  the  pro  rata  coming  to  Philadelphia  is  small,  will  be 
evident  from  her  commercial  statistics  as  compared  with 
those  of  the  other  Atlantic  ports. 

Thus  the  value  of  the  exports  of  breadstuffs,  provisions 
and  mineral  oils  for  the  year  ending  June  30,  1891,  are 
reported  as  follows,  from 

New  York  Baltimore.  Boston.  Ph  1  idclphLi. 


K  .!■ 


>io9,825,o<xj  ;|4o, 544,000  <ib,oi4  coo  i>'9i'i'^5.' 

1-4  \ 


From  which  it  apj)ears  that,  while  Philadelphia  is  as 
near  to  the  sources  of  these  staples  as  any  of  the  four  ports 
on  the  Atlantic,  she  cannot  compete  even  with  so  distant  a 
point  as  Boston,  which  shipped  more  than  three  times  the 
quantitv  of  breadstuffs  and  provisions  that  Philadelphia 
did. 

As  the  New  ICngland  States  are  not  producers  of  these 
articles,  but  consumers,  the  bulk  of  the  freights  (originating 
in  the  West  must  have  gone  by  water  past  New  York  and 
up  the  Sound  to  B<jston  before  it  could  be  exported.  The 
opening  of  the  Cape  Cod  Canal  will  still  further  stimulate 
this  trade  and  make  the  discrej^ancy  of  our  local  exports 
even  greater,  unless  measures  are  taken  to  counteract  this 
inlluence. 


iS 
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Again,  if  we  compare  the  total  exports  of  the  four  portvS 
we  will  find  Philadelphia  far  in  the  rear.  For  1890  the 
exports  from  New  York,  Boston,  Philadelphia  and  Balti- 
more, were : 


Foreign.  . 
Domestic, 


New  York. 

$•5,845,974 
370.322,43" 


Total  exports,  ,   .    . 
Ratios  referred  to  Phila., 


$86,168,404 
10  3 


Baltimore. 

$22,941 
73.967,79'^ 

$73,990,737 
1-99 


Boston. 

5836,989 
70,364,955 

#71  201.954 

Philadelphia. 

$170,863 
37,241,645 

$37,412,508 

I 

In  1887  these  relations  were  10,  1*5,  17,  i  ;  in  other  words, 
the  export  trade  of  Baltimore  and  Boston  have  increased 
more  rapidly  than  that  of  Philadelphia  and  are  actually 
nearly  double  that  of  this  city,  although  the  population  of 
either  of  those  places  is  less  than  half  that  of  this  port. 

May  we  not  inquire,  of  what  avail  is  it  to  be  the  largest 
manufacturing  centre  in  the  United  States  and  what 
becomes  of  our  products  ?  Are  they  sent  to  other  ports  for 
shipment,  thus  increasing  their  cost  to  the  consumer  or 
adding  to  the  expense  of  the  producer?  As  well  might  we 
expect  freight  to  be  hauled  by  rail  from  Baltimore  to  Phila- 
delphia to  be  shipped,  as  from  Philadelphia  to  New  York 
for  the  same  purpose.  The  great  discrepancy  between 
New  York  and  Philadelphia  is  certainly  not  due  to  differ- 
ences in  population,  nor  in  manufactures,  nor  to  geo- 
graphical position,  nor  to  relative  proximity  to  the  source  of 
the  great  staples  composing  the  bulk  of  the  commerce,  coal, 
wheat,  oil,  sugar  and  textiles,  for  in  these  respects  the  two 
cities  are  far  within  the  limits  of  their  commercial  ratio  of 
of  one  to  ten. 

No  matter  in  what  direction  we  look  for  the  cause  of 
this  great  discrepancy,  we  are  forced  to  the  conviction  that 
for  some  inexplicable  reason  the  "  common  carriers  "  find  it 
subservient  to  certain  interests  to  deliver  the  bulk  of  their 
freights  at  other  terminals  than  those  on  the  Delaware  ;  for 
there  is  no  mechanical  or  physical  law  that  will  justify  a 
movement  over  a  line  of  greater  resistance  rather  than  over 
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the  lesser  one,  provided  it  have  equal  facilities  for  stora^^e 
and  trans-shipment. 

This  general   statement  is  confirmed  by  a  i^lance  at  the 
statistics  of  \\vii  grain  exports  of  New  York,  Baltimore,   Bos- 
ton and  Philadelphia  for  the  past  few  years. 
Exports  of  wheat  and  corn  from 


New  N'ork 

Baltimore. 

54-«92o2' 

18,175,104 

26,845.423         i 

7,824.422 

39,571,280 

21,212,593 

37. "69,433 

24,250.597 

Boston. 

Philade'phia 

6,297,88  ? 

•O.770.757 

4.456,486 

1,809,315 

7.595.044 

4.750,922 

5,025.990 

'7,353.397 

1887,  . 

1888.  . 

1889,  . 

1890.  . 


The  logic  of  these  figures  shows  that  in  188S  and  1S89 
this  port  shipped  barely  one-half  as  much  wheat  and  corn 
as  Boston,  seventy-eight  per  cent,  less  than  Baltimore  and 
only  one-eleventh  that  of  New  York,  yet  this  was  not  due 
to  any  differential  rates  favoring  the  more  remote  ports, 
for  the  following  were  the  tariffs  as  published  for  1889,'* 
all  rail,  from  Chicago  to 


Chicago  &  I.ake 
Erie      Canal 
■|()  Charges    to 

Itoston.    Liverpool.  Cwt.       New  York  (in- 
\verai;e.  tiiidiny       Biif- 


39/^        »!»   5-6   7  S-'Cts.perbu. 
(60  lbs.) 

57!^ 


Showing  that  it  cost  four  cents  more  per  pound  for  llour 
by  rail  to  New  York,  and  si.xteen  cents  more  to  Boston  than 
to  this  city.  For  grain  the  diflerencesare  also  in  our  favor, 
viz  :  two  cents  per  hundredweight  to  New  York,  and 
seven  cents  to  Boston.     Hence,  if  there  were  no  disturbing 

*  Thirty  strotttt  .hiniiat  Kt-port,  Trad,-  attii  Coinnurce  oj  CMuaj^o. 


N 

cw   \ 

ork 

I'hil.t. 

Haito. 

Huston. 

Flour,  per  barrel,    .    .    . 

50 

46 

44 

60 

Grain  per  loo  lbs.,      .    . 

•^5 

23 

22 

30 

Provisions  per  io<jbbls., 

30 

28 

27 

35 

Corn  per  too  lbs.,  .    .   . 

20 

18 

»7 

25 
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causes,  the  law  of  distribution  over  the  lines  of  least  resist- 
ance, as  measured  by  the  cost  of  movement,  should  bring- 
the  bulk  of  the  grain  to  Baltimore  and  Philadelphia,  rather 
than  to  New  York  and  Boston.  But  when  it  is  seen  that  the 
through  rate  by  the  lakes  and  the  Erie  canal,  including  the 
Buffalo  charges,  is  only  one-half  the  all-rail  rates  to  New 
York  it  explains  the  anomaly,  and  shows  why  even  Boston 
can  export  more  than  Philadelphia,  and  it  forcibly  points 
the  moral  as  to  the  importance  of  maintaining  the  water- 
ways for  the  public  welfare.  I  have  frequently  urged  the 
importance  to  Philadelphia  of  a  more  direct  and  enlarged 
artificial  channel  between  this  city  and  New  York,  by  way 
of  the  Upper  Delaware  River,  and  the  Delaware  and  Rari- 
tan  Canal,  thus  extending  the  benefits  derived  from  the  Erie 
Canal  to  Philadelphia,  and  rendering  it  possible  to  bring  that 
powerful  auxiliary  into  competition  with  our  railroads  for 
the  interior  traffic  of  the  country.  Even  should  the  traffic 
not  be  large  over  the  canal,  the  facilities  would  be  there  and 
the  moral  effect  would  be  to  keep  rates  low  and  greatly  to 
augment  the  business.  I  believe  this  one  project  would  have 
a  greater  beneficial  effect  on  the  commerce  of  this  entire  sec- 
tion of  country  than  the  building  of  half-a-dozen  trunk 
lines  of  railroad.  There  is  no  part  of  the  civilized  world 
where  such  a  canal  is  more  greatly  needed,  or  where 
it  would  give  greater  promise  of  success.  Its  termini 
would  connect  a  population  equal  to  one-tenth  that  of 
the  entire  United  States,  and  as  I  have  elsewhere 
proven,"  it  would  be  beneficial  to  the  railroads  skirting  its 
territory.  No  other  canal  across  New  Jersey  would  pay  in 
competition  with  the  river  as  it  would  take  too  long  to  pass 
through  it. 

But  the  low  water  rates  via  the  Erie  Canal  are  not  alone 
responsible  for  the  decadence  of  this  port.  A  few  statistics 
relative  to  the  movement  of  grain  cars  will  also  be  found 
suggestive.  Thus  the  car  receipts  for  1890,  at  New  York, 
were  as  follows  : 


*  Pamphlet,  The  C(»inne7'cial  Paradox,  from  The  Manii/aciurer.      \\y  L.  M. 
Hau[  t,  rhiladelphia. 
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N.Y.C.W.  Shore.      Erie.     P.R.R.   D.L.&W    L.V.R.R     Toul. 


1890, 8,866        15,105         19782         3,545  4.226  11,628        63.15^ 

1891  to  (October  16th,      23.618         16,601         22.272         1,833  '.'57  9.^7        75. '7* 


Thus  the  New  York  Central  and  West  Shore,  although 
longer  than  the  Erie,  moved,  up  to  October  i6th  of  this  year, 
40,2 19  cars,  as  compared  with  22,272  over  the  Erie,  and  only 
1,833  over  the  Pennsylvania  Railnxid.  The  business  of  the 
Lehigh  Valley  road  in  grain  to  Xew  York  is,  by  this  ex- 
hibit, five  times  greater  than  that  of  the  Pennsylvania  Rail- 
road. 

The  data  for  Philadelphia  and   Baltimore  are: 

,  Caks  Moved  T"   Phii.adklphi.v.  Ti>  Baltimc.re. 

P.  R.  R.         P.  .V   K.  lotal.  P.  k.  R.  I'.&O.  Toiiil. 


1890 18.^76  9.4^2  27.7^8  17/62  17.495  35. '57 

to  October  16,  1891,     .  6.135  5ro68  11,206  i",672  12,248  22.920 


Totkl  loss.  1    .-'-  Tot.tl  >2,-'.'7 

This  shows  a  remarkable  falling  off  in  the  grain  move- 
ments to  date  for  both  of  these  ports.  The  Pennsylvania 
Railroad  has  12,138  cars  less  for  Philadelphia  to  date,  Octo- 
ber 16,  1 891,  than  it  had  for  the  wh(^le  of  last  year,  and 
6,990  less  for  Baltimore.  The  Pliiladelphia  and  Reading 
Railroad  has  4,43^  cars  less  for  this  j^oint,  and  the  Baltimore 
and  Ohio  5.247  less  for  Baltimore.  Tlie  total  losses  are 
16,562  cars  for  Philadelphia,  and  12,237  for  Baltimore,  or  for 
l)oth  places,  28,799  cars.  The  gain  in  Xew  York  has  been 
12,026  cars,  and  it  is  worthy  of  note  that  by  far  the  largest 
gain  i^w  any  of  the  railroads  was  that  on  the  Xew  Yv)rk 
Central  and  West  Shore  (16,248  cars),  and  which  parallels  the 
canal  and  Hudson  River.  Surely  this  waterway  does  not 
appear  to  have  injured  these  railroads.  Why  so  large  a 
percentage  of  the  grain  movement  should  have  taken 
the  longer  northern  route,  and  tlic  l)usiness  of  the  lines  lead- 
ing to  these  nearer  terminals  should  have  so  greatly  fallen 
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off  in  this  year  of  plenty,  must  be  left,  for  the  present,  largely 
to  conjecture.  It  is  sufficient  to  state  the  facts:  Thus 
from  January  ist  to  October  2d,  the  exports  of  wheat  and 
corn  from  Philadelphia  amounted  to  5,856,286  bushels  as 
compared  with  17,110,154  bushels  for  the  same  period  of 
last  year,  a  loss  of  1 1,253,868  bushels,*  or  337,616  tons.  For 
Baltimore  the  figures  for  this  year  are  13,610,706  bushels, 
as  compared  with  23,526,908  for  last  year,  being  a  loss  of 
9,916,202,  which  is  not  quite  so  great  a  reduction  as  here. 
While  for  New  York  the  exports  of  wheat  and  corn 
for  the  nine  months  ending  October  2,  1890  and  1891, 
were  32,658,859  and  36,163,427  bushels,  respectively,  being 
a  gain  of  3,504,568  bushels.  New  York's  percentage  for 
this  period  of  1891  was  47;  Baltimore's,  18;  New  Orleans',  11 ; 
Montreal's,  9 ;  Philadelphia's,  7,  and  the  balance  scattering. 
In  1890  our  proportion  of  this  trade  was  sixteen  per  cent. 
From  whatever  standpoint  we  view  the  commercial  statistics, 
therefore,  we  find  Philadelphia  occupying  the  lowest  position 
amongst  her  rival  ports. 

THE    PETROT.EUM    MOVEMENT. 

Let  us  look  for  a  moment  at  another  of  the  staple  exports 
of  the  country  which  to-day  is  practically  independent  of 
any  of  the  laws  of  competition  in  transportation.  I  refer 
to  petroleum.  There  are  pipe  lines  under  the  same  man- 
agement reaching  from  the  oil  centre  to  each  of  the  three 
ports.  New  York,  Philadelphia  and  Baltimore,  and  although 
the  line  to  the  last-named  point  is  perhaps  a  little  shorter 
than  either  of  the  others,  the  cost  of  transportation  is  virtually 
the  same,  hence  the  amount  of  exports  may  be  taken  as  fur- 
nishing some  indication  of  the  relative  importance  of  the 
port  facilities  for  foreign  exports. 

The  shipments  for  1890,  were,  from  New  York,  8,871,059 
barrels;  Philadelphia,  3,185,924  barrels;  Baltimore,  288,643 
barrels.  T(;tal,  12,335,626  barrels,  of  which  the  percentages 
were:    New   York,    71*92;    I^hiladelphia,    25-82;    Baltimore, 

,  ^  "  The  loading  capacity  of  the  60,000-pound  car  varies  from  850  to  900 
bushels  for  wheat;  from  85010  1,000  bushels  for  corn,  and  from  1,200  to 
1,500  bushels  for  oats."  Average  increase,  oats,  1,050. 


Jan..  1892.]  1  lie  Port  of  Philadelphia.  43 

2*26,  but  so  great  were  the  facilities  offered  for  the  product 
at  this  port  that  a  new  line  was  put  into  operation  here* 
February  27,  1 891,  and  the  percentage  of  oil  sent  out  has 
now  risen  to  33'67,  while  that  of  New  York  has  fallen  to 
64-51,  and  of  Baltimore  to  i'82. 

These  figures  would  seem  to  justify  a  much  higher  rank 
to  this  port  than  is  generally  accorded  her  on  the  commer- 
cial registers,  and  go  far  towards  showing  that  the  decadence 
of  the  commerce  is  not  due  so  much  to  physical  obstructions 
to  navigation  nor  to  geographical  position,  as  to  the  manner 
in  which  the  freight  movements  are  regulated  by  those  hav- 
ing control  of  them.  For  the  lake  and  rail  traffic  Phila- 
delphia has  advantages  not  possessed  by  any  other  port, 
since,  from  Erie,  the  rail  distance  is  but  446,  while  to  Xew 
York  from  Buffalo  via  the  New  York  Central  is  442  miles, 
and  by  the  Erie  Railroad  it  is  423  miles.  From  Erie  to  Balti- 
more is  426  miles  or  only  20  miles  less  than  to  Philadelphia, 
but  the  former  is  much  further  from  the  sea  than  the  latter, 
and  hence  the  desire  for  a  ship  canal  across  the  Peninsula 
to  Delaware  Bay.  Erie  is  also  nearer  the  source  of  freight 
than  Buffalo  and  has  a  more  capacious  harbor. 

In  this  connection  one  of  the  most  experienced  observers 
in  the  United  States  says :  •■" 

"  The  city  of  Philadelphia  has  superior  internal  com- 
munications with  the  entire  country  lying  west  of  her 
boundaries.  The  traffic  produced  and  exported  to  foreign 
countries  by  that  large  area  of  territory,  and  that  which  it 
imports,  can,  so  far  as  promptness  and  cheapness  of  trans- 
portation are  concerned,  be  better  done  through  Philadel- 
phia than  through  any  other  Atlantic  port,  because  the 
Delaware  River  permits  the  water  portion  of  the  through 
carriage  to  continue  so  much  further  inland  than  any  other 
port  having  equal  rail  and  lake  connections  with  the  great 
West." 

The  superiority  of  the  site  is  indisputable,  and  has  been 
demonstrated  by  experience,  but,  as  has  been  shown,  the 
conditions  of  trade  are  unfavorable,  and  Philadelphia  ranks 

♦  Col.  Jos.  D.  Poti.s. 
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among  the  least  of  the  principal  commercial  centres  of  the 
country.  The  existence  or  non-existence  of  the  islands  in 
the  Delaware,  about  which  so  much  has  been  said,  is  a  com- 
paratively unimportant  factor  in  the  case.  Their  removal, 
which  is  estimated  to  cost  $3,500,000,  will  not  change  the 
policy  of  the  transportation  companies  towards  this  city.  It 
will,  however,  permit  the  extension  of  the  piers  and  bulk- 
heads eastward  and  thus  provide  greater  facilities  for  trans- 
fer of  freight,  which  is  very  desirable,  but  it  must  also  be 
remembered  that  to  provide  for  a  rapid  delivery  and 
removal  of  freight  there  must  be  a  coincident  arrival  of 
ship  and  cars  or  else  a  sufficient  storage  capacity  to  provide 
for  the  delay  or  shortage  of  either.  To  reach  the  Delaware 
front,  the  freights  must  be  hauled  across  the  city  via 
Willow  Street  or  Washington  Avenue,  or  else  by  a  long 
detour  via  Greenwich  Point  or  Port  Richmond.  Each  ship 
carrying  3,000  tons  of  cargo  would  require  100  thirty-ton 
car-loads  of  freight,  and  at  three  cars  per  100  feet  the  length 
of  each  train  for  loading  and  unloading  would  be  3,300 
feet,  or  a  total  of  about  three-fifths  of  a  mile.  But  the  cars 
do  not  run  full,  and  hence  the  train  would,  in  fact,  be  longer. 
At  present  provision  is  made  for  the  grain  business  at  Rich- 
mond and  Girard  Point,  where  there  is  elevator  capacity 
amounting  to  about  3,000,000  bushels  or  about  thirty  vessel 
loads,  but  a  visitor  to  Girard  Point  would  be  apt  to  conclude 
from  the  absence  of  vessels  and  the  general  appearance  of 
the  vicinity  that  the  company  had  gone  out  of  business. 

What  is  required  to  stimulate  commerce  and  to  restore  to 
Philadelphia  a  portion  of  her  old-time  activity,  is  an  element 
which  will  enable  her  merchants,  manufacturers,  shippers, 
producers  and  consumers  alike  to  obtain  their  supplies  or 
ship  their  products  over  lines  which  are  virtually  independent 
of  combinations,  and  there  is  nothing  that  approaches  so 
near  to  fulfilling  this  condition  as  the  waterway.  There  is 
the  river  it  is  true,  but  it  opens  upon  the  sea,  its  inland  terri- 
tory is  limited  to  the  few  miles  to  Trenton,  and  even  that  is 
restricted  by  the  Five-Mile  Bar,  which  is  being  improved 
at  Fishers  Point.  But  if  the  barrier  which  has  checked 
the  trade  with  the  interior  via  the  Erie  and  Delaware  and 
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Raritan  Canals  were  removed,  and  the  northern  waterway 
opened  across  New  Jersey  via  an  enlarged  ship  canal 
between  Bordentown  and  New  Brunswick,  it  would  do 
more,  I  believe,  to  develop  all  classes  of  business  and 
trade  in  this,  as  well  as  other  cities,  than  any  project  that 
could  Ixj  undertaken  The  Pennsylvania  Railroad  Com- 
pany has  leased  the  Delaware  and  Raritan  Canal  for  a 
period  of  999  years,  guaranteeing"  ten  per  cent,  interest  on 
a  capitalized  value  of  §5,847,400.  In  1890,  the  freights 
moved  over  it  amounted  to  1,209,668  tons.  The  gross 
receipts  weie  $509,162.76,  and  the  expenses  §415,326.08, 
giving  net  receipts  on  the  business  transacted  §93,836.68, 
but  with  the  interest  and  taxes  the  total  losses  for  the  year 
amounted  to  §565,435.56,  or  over  §500.000, 

Contrasting  this  with  the  business  done  in  1S66,  its  most 
prosperous  year  prior  to  the  lease,  we  find  expenses,  §360,- 
513.83;  receipts,  §1,294,156.69;  profits,  §933,642.86,  which 
was  nearly  twenty-three  per  cent,  of  the  capital  invested  in 
the  canal  (§4,381,251.28),  while  for  the  same  year  the  Cam- 
den and  Amboy  Railroad  barely  earned  five  per  cent,  on  its 
capital  of  §10,099,000.97.  At  present  a  large  amount  of  the 
coal  to  eastern  ports  goes  out  by  the  Capes  in  colliers,  which 
if  the  canal  were  enlarged,  could  save  considerable  time  by 
traversing  it.  The  grain  and  ores  of  the  lake  region  could 
also  be  delivered  in  this  city  at  less  cost  than  at  present 
and  the  stimulus  given  to  trade  and  population  would 
rapidly  compensate  the  railroads  for  any  temporary  loss  they 
might  suffer  from  a  diversion  of  a  portion  of  the  traffic. 
Such  is  believed  to  be  the  lcss(^n  of  experience  else- 
where. 

IF  the  cost  of  this  line  were  to  amount  lo  ;^ 20,000,000,  a 
traffic  of  only  2,000,000  of  tons  at  fifty  cents  per  ton,  which  is 
believed  to  be  considerably  less  than  the  present  rate  by 
water,  would  pay  five  per  cent,  on  the  cost,  and  this  traffic  is 
less  than  the  average  for  a  number  of  years  prior  to  the  lease 
of  June,  1 87 1 .  Can  Philadelphia  afford  to  wait  979  years  for  a 
consummation  so  devoutly  to  be  wished?  But  this  is  a  pro- 
ject of  national  importance  and  has  been  frequently  urged 
from     the      foundation     of    the     Republic.       It    was    one 
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of  the  features  of  the  gi-eat  log  rolling-  bill  introduced  into 
Congress  in  1812,  in  behalf  of  national  aid  for  the  Erie  Canal, 
and  has  been  frequently  revived  and  urged  by  various  inter- 
ests, but  as  yet  without  success.  Under  existing  methods  of 
administration  it  will  require  the  united  influence  of  the 
Atlantic  Coast  States  as  well  as  of  those  along  the  Great 
Belt  waterway,  all  of  which  will  be  benefited,  to  induce 
the  Government  to  inaugurate  the  undertaking.  It  is  cer- 
tainlv  worthv  the  effort. 

I  have  placed  this  enterprise  first  in  importance  because 
I  believe  it  will  produce  the  greatest  amount  of  good, 
both  locally  and  generally,  but  I  would  not  ignore  those 
works  of  lesser  importance  which  are  distinctly  within  the 
jurisdiction  of  the  municipality  or  of  the  individual.  Unfor- 
tunately there  has  been  too  little  concerted  action  on  the 
part  of  our  citizens  in  the  way  of  public  improvements, 
and  it  is  only  when  aroused  by  some  threatened  or  actual 
calamity  that  sufficient  interest  can  be  awakened  to  pre- 
vent it. 

After  a  long  contest  the  Baltimore  and  Ohio  Railroad 
was  admitted  and  the  Reading  Terminal  and  the  Belt  Line 
ordinances  were  passed.  The  work  on  them  is  now  well 
begun.  They  will  no  doubt  be  of  great  use  to  the  city  and 
its  commerce  in  facilitating  traffic  and  aiding  in  the  general 
distribution  of  freight,  but  their  effects  are,  to  a  large 
extent,  local.  They  will  enable  the  few  competing  land 
carriers  to  reach  their  principal  patrons,  but  they  do  not 
very  materially  increase  the  territory  tributary  to  the  city 
or  reduce  the  rates  of  transportation,  as  would  be  the  case 
with  the  proposed  waterway  if  under  national  control  or 
even  under  a  corporate  body  charging  a  limited  tariff. 

Although  much  time  has  been  given  to  the  commercial 
aspects  of  this  question  rather  than  to  the  physical,  it  seems 
to  be  necessary,  to  awaken  if  possible,  a  greater  public 
interest  in  its  importance  and  to  concentrate  attention  upon 
its  political  relations,  for  it  should  certainly  be  fostered  by 
the  Government,  but  this  will  only  happen  when  the  wish 
of  the  people  is  made  manifest  by  instructions  to  their 
representatives. 
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I'lIVSICAL    COM '11  ION    OF    TIIK    roRl. 

Although  the  water  frontage  of  this  city  is  about  twenty- 
five  miles  in  length  only  a  small  portion  of  it  has  been 
developed,  a  large  portion  being  Oovernment  property  and 
other  portions  being  cut  off  by  the  Five  Mile  and  tlorseshoe 
Bars.  Immediately  in  front  of  the  city  the  stream  is  occu- 
pied by  Smith's  and  Windmill  Islands,  which  have  recently 
been  purchased,  at  a  cost  of  $708,652.86.  The  contract  for 
their  removal  was  let  last  spring  and  is  progressing  slowly. 
As  the  question  is  often  asked  whether  this  improvement 
will  be  permanent  it  may  be  stated  that  the  mere  removal 
of  the  islands  without  a  simultaneous  contraction  of  the  river 
banks  so  as  to  maintain  a  constant  cross-section,  will  result 
in  hastening  the  deposits  by  reducing  the  velocity  of  the 
stream.  As  this  formation  is  one  produced  by  the  river 
and  is  situated  on  the  middle  ground  between  the  paths  of 
the  flood  and  ebb  currents,  it  is  the  natural  dumping  ground 
of  the  stream  and  unless  there  be  some  auxiliary  work  to 
bring  those  two  currents  more  nearly  into  coincidence,  the 
bar  must  ever  remain. 

But  there  is  no  provision  in  law  requiring  the  riparian 
owners  to  extend  their  piers  to  the  new  Port  Warden's  line 
which  has  been  recently  established  by  the  Secretary  of 
War  and  which  lies  in  the  deep  water  of  the  main  channel. 
Unless  this  work  is  done  at  a  number  of  points  at  the  same 
time  with  the  removal  of  the  islands,  the  amount  of  mate- 
rial to  be  dredged  will  be  found  to  be  largely  in  excess  of 
that  now  in  place  and  the  desired  result  will  be  very  much 
delayed,  as  well  as  the  expense  increased. 

Recent  specifications  provide  that  "the  rate  of  progress 
«)f  the  excavation  is  to  be  determined  by  the  rate  of  advance 
of  actual  wharf  constructions  to  the  new  harbor  lines  so  as 
to  maintain  the  assigned  section  of  the  new  channel."  But 
as  there  is  no  law  rec^uiring  property  owners  to  extend  their 
wharves  into  water  from  forty  to  nearly  sixty  feet  deep,  and 
as  none  have  done  so,  it  would  seem  that  the  work  of  exca- 
vation should  be  suspended,  as  it  has  been  for  some  time 
past,  though  it  is  believed  from  a  dilTerent  cause. 

*  This  should  not  be  misundcrslood  to  mean  an  official  suspension  !)>  the 
(lOvernment,  which  at  this  date  has  not  been  ordered.  L.  M.  B- 
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Moreover  the  jurisdiction  over  the  harbor  lines  appears 
now  to  be  vested  by  x\ct  of  Congress,  in  the  Secretary  of 
War:  by  Act  of  Assembly,  in  the  Board  of  Port  Wardens, 
subject  to  ordinance  of  City  Councils,  and  the  Board's 
authority  in  this  matter  is  restricted  to  granting  permits  and 
is  not  mandator}^  as  to  constructions  or  extensions  of  piers. 

Again,  there  is  another  body,  the  Board  of  Harbor  Com- 
missioners, appointed  by  the  Presidents  of  Select  and 
Common  Councils,  under  an  ordinance  of  the  city  passed 
July  8,  1879,  whose  duty  it  is  to  ''  devise,  consider  and  present 
a  plan  or  plans  for  the  preservation  and  permanent  improve- 
ment of  the  harbor  and  the  port  of  Philadelphia,  and  for 
the  increase  of  its  landing  accommodations."'^  For  a  time 
this  Board  was  assisted  by  an  Advisory  Board  composed  of 
an  officer  of  the  Engineer  Corps  U.  S.  A.,  an  officer  of  the 
Navy,  and  an  assistant  from  the  Coast  Survey,  but  this 
Advisory  Board  was  recently  disbanded.  There  is  also  a 
Board  of  three  U,  S.  Engineers  on  the  Permanent  Improve- 
ment of  the  River,  and  a  U.  S.  Engineer  detailed  by  the 
Secretary  of  War  as  Consulting  Engineer  to  the  Harbor 
Commissioners  in  lieu  of  the  Advisory  Board. 

Thus  there  would  appear  to  be  ample  provision  for  the 
making  of  plans,  but  virtually  none  for  their  execution, 
excepting  so  far  as  the  navigable  channel  is  concerned  or  as 
it  may  be  found  to  be  to  the  interest  of  the  private  owner 
to  improve  his  property  subject  to  restrictions  as  to  length. 
It  must  be  evident,  therefore,  that  before  a  well-digested 
plan  for  the  improvement  of  our  Delaware  River  front  can 
be  executed,  there  should  be  authority  vested  in  some  central 
body  to  condemn  and  purchase  property,  and  to  build  and 
lease  such  wharves  and  docks  as  may  be  necessary  to  conduct 
the  business  of  trans-shipping  freight. 

As  the  vested  interests  along  the  river  front  are  numerous 
and  the  properties  very  valuable  it  will  be  many  years 
before  such  a  symmetrical  development  may  be  expected,  and 
there  are  other  reasons  why  the  consummation  of  a  reorgan- 
ized commerce  at  this  point  may  be  long  deferred. 

*  The  writer  is  indebted  to  Wm.  R.  Tucker,  Secretary  of  the  Philadelphia 
Board  of  Trade,  for  this  information. 
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On  the  other  ha  d  we  are  not  devoid  of  resources,  for 
there  is  as  yet  a  comparatively  undeveloped  frontage,  of 
great  value,  available  near  (Greenwich  Point  on  the  Dela- 
ware, and  on  both  banks  of  the  Schuylkill,  which  flows 
through  the  heart  of  the  city,  where  there  are  ample  oppor- 
tunities for  developing  commercial  facilities  far  greater 
than  those  now  existing  and  at  a  comparatively  small  cost. 
The  principal  railroads  either  have  tracks  laid  to  or  are 
within  a  short  distance  of  the  mouth  of  the  Schuylkill,  and 
freight  is  dailv  carried  past  that  point  to  the  Delaware  front 
only  to  be  returned  to  the  same  point  by  water  on  its  way 
to  the  Capes,  thus  doubling  the  haul  and  obstructing  the 
city  streets  by  the  surface  traffic.  The  Belt  Line  will  bring 
this  section  within  a  few  minutes'  ride  of  the  Custom  House 
and  .even  without  it  the  Chester  branch  of  the  Philadelphia 
and  Reading  Railroad  renders  it  possible  to  reach  the  busi- 
ness portion  of  the  city  in  a  very  short  time. 

This  would  appear  to  be  the  section  of  the  city  best 
adapted  to  meet  the  commercial  requirement  of  its  imme- 
diate future,  and  I  believe  it  will  not  be  many  years  before 
very  material  improvements  will  be  found  there.  It  is  not 
generally  known  that  about  one-third  of  the  foreign  com- 
merce  of  this  port  goes  out  of  the  Schuylkill.  It  is  not  very 
long  since  one  of  the  Allen  Line  steamers  was  nine  days  in 
getting  through  an  ice  pack  on  the  Horseshoe  shoals  near 
League  Island.  Already  the  railroad  companies  are  seeking 
terminals  at  Marcus  Hook  and  Chester,  beyond  the  city 
limits,  and  it  certainly  looks  as  if  they  intend  to  utilize  these 
points  at  the  expense  of  the  city. 

There  is  not  time  to  review  the  physical  condition  of  the 
Delaware  River  from  its  mouth  to  the  port,  but  it  is  worthy 
of  note  that  it  is  not  all  that  could  be  desired,  although, 
thanks  to  the  prompt  action  of  the  ICngineer  in  Charge,  Majo'" 
Raymond,  its  condition  has  been  considerably  ameliorated 
at  one  of  its  most  dangerous  points.  Between  February  22, 
1S90,  and  May  S,  1891,  or  in  less  than  fifteen  months,  at 
least  forty-eight  vessels  struck  on  or  near  the  Bulkhead 
Shoals,  and  so  serious  had  this  obstruction  become  that  in 
March  last  no  less  than  seven  steamers  ran  aground,  two  of 
which  were  detained  nearly  twelve  hours. 
Vol.  CX.X.XIII.  4 
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A  jetty  is  now  being*  built  there  which  it  is  expected  will 
aid  in  keeping-  open  the  channel  which  has  been  deepened 
by  dredging." 

There  are  several  other  points  where  the  depth  is  barely 
sufficient,  as  at  Dan  Baker  Shoal,  Maiden  Island  Bar,  Cherry 
Island  Flats,  etc.,  but  taking  it  as  a  whole  the  river  is 
regarded  as  one  of  the  best  waterways  on  the  Atlantic, 
whether  by  day  or  night. 

The  Delaware  Breakwater  can  no  longfer  be  reofarded  as 
a  harbor,  and  the  closing  of  the  ''  gap  "  between  the  ice 
breaker  and  the  breakwater,  which  is  still  in  progress,  will 
not  materially  enlarge  its  capacity  or  depth.  The  harbor 
has  shoaled,  from  over  twenty-five  feet  to  less  than  seven- 
teen. In  some  places  near  the  breakwater  only  eleven  feet 
are  to  be  found.  This  is  the  inevitable  result  of  all  struc- 
tures so  located  as  to  intercept  the  currents.  Had  the  ice 
breaker  been  removed,  as  proposed  ten  years  ago,  and  its 
material  been  deposited  along  the  site  of  the  gap,  the  result 
would  have  been  a  great  improvement. 

The  term,  harbor  of  refuge,  is  now  a  misnomer,  for  in  the 
storm  of  March  12,  1888,  no  less  than  twenty-seven  vessels 
which  had  sought  shelter  behind  the  breakwater  were  dashed 
to  pieces  and  many  lives  were  lost — and  again  in  Septeniber 
of  the  year  following,  twenty-three  vessels  shared  a  similar 
fate,  making  fifty  vessels  lost  in  eighteen  months. 

The  effect  of  the  present  structure  will  be  to  create  an 
artificial  island  with  a  submerged  embankment  connecting 
it  with  the  shore. 

We  have  seen  what  the  facilities  are  for  bringing  freight 
to  our  port  by  land  and  have  discussed  all  too  briefly  the 
opportunities  for  handling  such  freight  in  transit.  Let  us 
now  note  the  provision  made  for  its  transportation  by  water. 
This  will  be  shown  by  giving  the  list  of  vessels  engaged'  in 
the  carrying  trade  to  foreign  or  domestic  ports  from  this 
city,  as  follows : 

*  At  the  time  of  going  to  press  it  is  unofficially  stated  that  the  single  jetty 
at  this  point  has  given  all  the  depth  required  for  the  largest  vessels. 

L.  M.  H, 
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Tonnagf. 

3 

5.610 

6 

13.960 

7 

'3.853 

J 

1.593 

3 

I.24I 

7 

12.465 

2 

4,486 

4 

5.490 

There    are    eight    foreign    steamship   lines    at    present 
running  to  this  port,  viz  : 

Line.  To  and  fmnt. 

Allan  Line Glasgow. 

American  Line. Liverpool, 

Atlantic  Transport  Line,     ....  London. 

Baltimore  Fruit  Company,  ....  We^t  India, 

Howes  Fruit  Line, West  India, 

North  Atlantic  Trident  Line,  .    .    .  London, 

Red  .Star  Line Antwerp, 

Spreckels  Line, Hamburg, 

35  58,698  tons 

Coastwise  steamship  lines  number  nine,  as  follows: 

Boston  and  Philadelphia  Steamship  Lme, 

Clyde  Line,  Richmond,  Norfolk,  etc 

Clyde  Line,  Philadelphia,  Albany  and  Troy, 
Clyde  Line,  Philadelphia  and  New  York,  .    . 

Ericsson  Line  (Baltimore) 

Ocean  Steamship  Company,  of  Savannah,  . 
Philadelphia.  Fall  River  and  Providence  Line, 
I'hiladelphia  and  New  York  (Mercer  &  Co.) 
Phila.  and  Reading  Coal  and   Iron  .S.  S.  Line, 


St  fa  mers. 

\ft  lonna 

4 

4,264 

5 

3.58S 

I 

372 

5 

'  .397 

5 

1.483 

I 

892 

3 

2.335 

I 

'97 

12 

8,619 

37 


22,8971005 


There  is  only  one  sailing  vessel  line  running  from  this 
port ;  that  is,  Sutton's  Despatch  Line  to  San  Francisco. 
During  the  past  year  eight  ships  have  been  chartered  for 
this  line  comprising  a  net  tonnage  of  i2,6iS. 

These  make  a  total  of  eight  foreign  lines  of  thirty-tive  ves- 
sels, carrying  58,698  net  tons,  and  ten  coastwise  lines  of  forty- 
five  vessels,  carrying  35,515  tons. 

By  the  way  of  comparing  this  with  our  sister  city  of 
New  York,  it  is  stated  that  in  i8c/)  she  had  of — 

/    I'SSfls 

.Sailing  vessels '.97^' 

Steam   vessels 1.032 


'lottS. 

409.468 
374.673 


Total >oo8         784.141 

in  addition  to  which   there  were  230  canal  boats  of  23,709 
tons  and  671  barges  of   140,540  tons.* 


*  John  11.  Could,  in  Scrihn^r's  Sfafrasin^,  November,  iS.)i    "The   Ocean 
Slcam>hip  as  a  Freight  Carrier." 
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The  canal  boat  business  of  Philadelphia  is  fast  becoming 
extinct,  although  it  was  the  cheapest  method  of  bringing 
coal  to  this  city,  while  the  canal  was  maintained  in  good 
order. 

Before  the  lease  to  the  Philadelphia  and  Reading  Rail- 
road, July  I,  1870,  the  rate  by  canal  was  only  one-half  the 
subsequent  rate  by  rail,  and  the  canal  paid. 

Under  the  terms  of  this  lease  the  railroad  company  agreed 
to  guarantee  the  interest  on  the  stock  and  bonds  of  the 
Schuylkill  Navigation  Company,  amounting  to  $655,000  per 
annum,  but  in  consequence  of  the  policy  of  the  railroad,  and 
for  other  reasons,  it  went  into  the  hands  of  receivers,  and 
these  guarantees  were  unfulfilled.  The  Navigation  Com- 
pany was  subsequently  asked  to  take  back  its  property, 
but  without  any  assurance  that  the  railroad  would  furnish 
it  with  coal  for  transportation.  Under  these  circumstances 
the  request  was  of  course  declined.  It  was  testified  by  the 
late  President  of  the  railroad  company  before  the  Master 
that  all  of  the  net  revenues  of  the  company  up  to  that  time 
had  been  earned  by  the  canal.  And  yet  this,  the  most  profit- 
able part  of  the  company's  property  is  allowed  to  fall  into 
decay,  while  the  more  expensive  method  of  transportation, 
viz:  that  by  rail,  is  fostered  at  the  expense  of  every  coal  con- 
sumer in  this  as  well  as  other  cities.  The  only  party  who 
can  utilize  this  waterway  for  its  legitimate  purpose  is  the 
Reading  Railroad  Company,  and  such  use  of  it  would 
undoubtedly  greatly  increase  the  revenue  of  that  company, 
as  well  as  benefit  the  city  at  large. 

The  citizens  of  the  port  of  Philadelphia  have  a  direct 
pecuniary  interest  in  the  inquiry,  Why  does  the  Philadelphia 
and  Reading  Railroad  Company  desire  to  sell  this  dilapi- 
dated canal  to  the  city  as  a  conduit  for  the  supply  of  water, 
rather  than  utilize  it  for  the  transportation  of  coal  to  this 
and  other  ports  ? 

As  the  largest  manufacturing  centre  on  the  continent, 
Philadelphia  needs  above  all  things  cheap  fuel,  and  debarred 
as  she  is  from  the  use  of  natural  gas,  she  is  losing  a  number 
of  industries  which  have  been  attracted  to  the  gas  belt. 
Her  rate  of  growth  during  the  last  decade  has  been  exceeded 
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by  almost  every  town  or  city  of  any  size  in  the  State.  Thus 
while  Pittsburgh  has  increased  at  the  av^eragerate  of  5-26  per 
cent.;  Pottstown,  15;  Reading,  3*6;  Scranton,  64;  Shamokin, 
7'6;  Braddock,  15-8;  Steelton,  27-8;  Philadelphia's  average 
yearly  rate  of  increase  is  only  2-3  per  cent. 

This  city  has  been  considered  fortunate  in  her  location 
due  to  the  proximity  of  this  prime  necessity — coal — but  her 
vantage  ground  is  destroyed  by  the  improved  lines  of 
transportation  to  other  cities  and  the  development  of  new 
fields.  Thus  Chicago  is  abundantly  supplied  from  the 
extensive  deposits  of  Indiana  and  Illinois,  and  consumes 
more  coal  per  capita  than  her  Eastern  rivals.  In  1889, 
4,665,258  tons  were  consumed  in  Chicago,  of  which  more 
tlian  two-thirds  was  bituminous,  an  average  of  4*5  tons  per 
individual. 

New  York     burned 5.1  53.436  tons,  or    3  4percapita. 

Philadelphia      "        4. 107.281  "  4-1 

Brooklyn  "        2.000,000  "  2*5 

Boston.  '•        1,766.410  "  3*9 

Baltimore,  "        1,108,613  "  2-5 

Scranton,  Ta..  "  only '3-, 145  "  ''8 

Readinjj,  Pa.,     "        39I.846  "  67 

Newark.  N.  J..  "        544.076  "  3-0      " 

The  amount  of  coal  delivered  to  vessels  for  their  own 
fuel  at  the  four  ports  was  as  follows : 


F'or  New  York 1,322,895  tons, 

Philidelphia 297.609     " 

Baltimore 227,000     " 

Boston 70,267     " 

Other  Atlantic  and  Gulf,      80,000     " 
Pacific 93.000     " 


65  per  cent,  approx. 

14  4r 
10  i 

3  =t 
3'8i= 

4-2ir 


2,090,771 

These  statistics  barely  need  comment,  they  tell  their 
own  storv,  and  show  the  importance  to  this  city  of  creating 
and  maintaining  an  unlimited  supply  of  cheaper  fuel  for 
home  consumption,  manufactures  and  commerce,  and  this 
can  best  be  done  by  a  revival  of  interest  in  the  Schuylkill 
Navigation  Company's   waterway,  and  an  earnest  popular 
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appeal  to  the  railroad  companies  which  have  throttled 
these  cheap  lines  of  communication  on  the  flanks  of  this 
port,  either  to  utilize  these  channels  themselves  or  permit 
others  to  do  so,  for  the  public  good.  It  appears  to  be  the 
policy  of  the  railroads  to  persist  in  transporting-  by  rail 
when  there  are  many  articles  of  the  grosser  kind  which  could 
be  carried  much  more  cheaply  and  quite  as  expeditiously  by 
water,  thus  producing  a  greater  revenue  for  the  transport- 
ing company,  and  at  the  same  time  reducing  the  cost  to  the 
consumer. 

As  patrons  of  these  great  companies  may  we  not  respect- 
fully inquire  why  these  facilities  are  not  utilized  to  their 
fullest  extent,  for  the  benefit  of  all  the  parties  at  interest, 
and  in  the  absence  of  a  satisfactory  explanation,  urge  upon 
the  aforesaid  companies  the  propriety  of  inaugurating  a 
dififerent  policy  whereby  the  waterways  may  be  rehabilitated 
and  employed  to  their  full  capacity.  Then  will  the  Port 
of  Philadelphia  be  restored  in  large  part  to  its  old-time 
prestige. 

The  lecture  was  closed  by  projecting  upon  the  screen  a 
number  of  views  of  foreign  and  other  harbors  crowded  with 
shipping,  as  at  Marseilles,  Trieste,  Havre,  Bordeaux,  Liver- 
pool, vSan  Francisco,  Boston  and  New  York,  and  the  plans  of 
the  Manchester  and  of  the  proposed  ship  canal  from  the  Dela- 
ware River  to  New  York  Bay  were  exhibited.  This  latter 
project  was  so  located  as  to  avoid  many  of  the  difficulties 
incidental  to  an  enlargement  of  the  old  Delaware  and 
Raritan  Canal  and  to  shorten  the  distance  from  forty-four 
to  thirty-three  and  three-fourths  miles.  There  would  be 
two  lifts  of  twenty-five  feet  each  and  two  tidal  locks.  The 
summit  level  would  be  fifty  feet  above  mean  low  water,  and 
the  section  of  the  canal  is  designed  to  be  twenty  feet  deep 
by  ninety  feet  bottom  width,  150  feet  surface  width  and  ten 
feet  bermes,  giving  about  26,000,000  cubic  yards  of  exca- 
vation. 

It  is  estimated  that  the  entire  work  from  Philadelphia 
to  Staten  Island  would  cost  $12,500,000. 

This  would  constitute  the  most  important  link  in  the 
interior   waterway  of   the  Atlantic  Coast,  connecting   the 
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most  populous  and  most  valuable  centres  commercially  and 
strategically.  Its  advantages  to  the  entire  country  can 
hardly  be  overestimated  as  a  factor  in  preserving  peace 
and  promoting  prosperity. 


EXPERIMENTS  madi:  to  ASCERTAIN  the  SPECIFIC 

VOLUMKS  OF  THE  SATURATED  VAPORS  OF  WATER,  BISUL- 
IMIIDE  OF  CARBON,  AND  ETHER,  TOOETHER  WITH  VARIOUS 
MEASURES  CONCERNINO  THE  L A  riER  ;  AI.So  IHE  DETERMI- 
NATION FROM  THE  EXTERIMENTAI.  DA  lA  THUS  ol'.TAINED 
OF   THE    MECHANICAL    E()UIVAI.ENT   OF    HEAT. 


Bv   A.    PllRoT 


Translated  by  Chief  Engineer  Isherwood,  V.  S.  Navy. 


[.  /  thciiis  pri'sentid  to  the  Faculty  of  Sciences  of  Paris^ 

The  specific  volume  of  saturated  vapors,  or  what  inversely 
amounts  to  the  same,  namely,  the  mass  of  their  cubic  centi- 
metre, is  of  the  greatest  theoretical  interest,  because  it  is  a 
factor  in  numerous  thermodynamical  ecjuations  from  which 
the  mechanical  equivalent  of  heat  may  be  calculated. 

The  experimental  researches  for  determining  this  (quan- 
tity are  very  few,  and  they  are  in  principle  similar  to  Ciay- 
Lussac's  method  for  measuring  the  densities  of  dry  vapors. 
I  shall  pass  them  in  rapid  review. 

The  first  experiments  were  those  made  in  1S60.  by 
Messrs.  F'airbairn  and  Tate,*  on  the  vapor  of  water.  Their 
process  consisted  in  introducing  a  known  weight  of  water 
into  a  vacuous  vessel  of  known  capacity,  and  ascertaining 
the  temperature  at  which  the  whole  of  the  water  was  tran.s- 
formed  into  saturated  vapor.  The  water,  contained  in  a  com- 
pletely  filled  and  sealed  phial,  was  introduced  into  a  balloon 
that  communicated  by  means  of  a  manometrical    tul^*-  with 

*  Philosophical  Trans,,  i860,  and  /'////.  .lAn'/fj/W,  vol.  xxi.  4th  .Series. 
p.  231.     1861. 
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a  surrounding  inclOwSed  space  in  which  the  saturated  vapor 
was  produced  in  presence  of  an  excess  of  water.  This 
inclosed  space  surrounded  the  balloon  in  such  a  manner 
that  the  temperature  in  the  space  and  in  the  balloon  was 
exactly  the  same.  The  rise  of  the  temperature  broke  the 
phial,  but  as  long  as  the  whole  of  the  water  in  the  inner 
balloon  was  not  vaporized,  there  was  no  difference  between 
the  heights  of  the  two  columns  of  mercury  of  the  man- 
ometer ;  as  soon,  however,  as  the  vaporization  was  complete 
— the  temperature  continuing  to  increase — the  mercury 
began  to  rise  in  the  manometrical  branch  communicating 
with  the  balloon,  and  at  that  instant  the  temperature  of  the 
thermometer,  and  the  volume  occupied  by  the  vapor,  were 
noted,  which  latter  is  possible  when  the  manometrical  tube 
has  been  gauged.  The  levels  were  observed  with  a  mag- 
nifying glass,  and  the  thermometer — directly  immersed  in 
the  vapor — was  corrected  for  the  influence  of  the  pressure 
upon  it.  Knowing,  then,  the  volume  occupied  by  the  vapor, 
the  weight  of  water  vaporized,  and  the  temperature,  the 
specific  weight  of  the  saturated  vapor  can  be  easily  calcu- 
lated. The  experiments  show  that  this  weight  is  always 
greater  than  that  which  is  due  to  the  laws  of  Mariotte  and 
Gay-Lussac. 

This  elegant  and  simple  method  of  Messrs.  Fairbairn 
and  Tate  also  allows  the  dilatation  of  superheated  steam  to 
be  determined,  for  the  pressure  of  the  vapor  is  known  from 
the  difference  between  the  levels  of  the  mercury  in  the  two 
legs  of  the  manometrical  tube,  while  its  volume  can  be  ascer- 
tained by  previously  graduating  that  tube  in  divisions  of 
equal  capacity, 

The  arrangement  of  the  apparatus  is  adapted  for  measur- 
ing specific  volumes,  because  the  errors  which  may  be  made 
in  determining  them  are  of  the  same  order  as  those  which 
may  be  made  in  ascertaining  the  temperature.  For 
example,  if  it  be  supposed  that  the  manometrical  tube 
had  one  square  centimetre  of  section,  and  that  2  x  denotes 
the  difference  between  the  level  of  the  mercury  in  the  two 
legs  of  the  manometer  produced  by  o^"i  increase  of  tempera- 
ture above  the  tem])erature  of  exact  saturation,  x  could  be 
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calculated  according  to  the  following  equation  given  by  the 
experimenters. 

the  pressure  //  and  the  volume  /'  being  relative  to  the 
exactly  saturated  vapor,  and  H'  and  [''  to  the  condition  pro- 
duced by  the  o°'i  elevation  of  temperature;  knowing  also 
that 

that  V  ^  V —  .r,  and  substituting  for  r  the  value  given  by 
Messrs.  Fairbairn  and  Tate.  When  /  ==  70°75  for  example. 
^  —  83'33,  Z/;,,-::,  =  24-1  centimetres,  /A.,-<-.  =  24*2  centimetres, 
there  would  be  approximately 

X  =  0*036  centimetre, 

so  that  the  difference  of  level  2  .r  between  the  two  legs  of 
the  manometer  would  be  about  0*07  centimetre,  a  quantity 
appreciable  with  certainty  ;  the  error  to  be  feared  as  regards 
the  volume  would  then  not  exceed  the  diminution  of  volume 
resulting  from  an  increase  of  o^'i  of  temperature.  There 
are,  it  is  true,  difficulties  as  regards  accurate  reading, 
the  light  having  to  traverse  the  thickness  of  the  glass  before 
reaching  the  manometrical  tube  and  the  thermometers, 
consequently,  the  accuracy  above  indicated  should  be 
regarded  as  a  maximum. 

In  1868,  Herwig"*  undertook  to  measure  anew  the  varia- 
tions of  the  product  /'/'of  the  pressure  of  a  given  mass  of 
vapor  by  its  volume,  when  that  vapor  passes  from  the  con- 
dition of  saturation  to  the  condition  to  which  the  laws  of 
Mariotte  and  (ray-Lussac  are  applicable.  He  varied  the 
pressure  of  a  given  mass  of  vapor  at  constant  temperature, 
and  measured  the  volumes  successively  occupied.  Thu 
results  that  he  obtained  relatively  to  the  variation  of  ihe 
product  /'/'.  in  operating  on  alcohol,  chloroform,  and  the 
bisulphide  of  carbon,  are  interesting,  but  his  method  con- 
sidered as  one  for  the  determination  of  specific  volumes,  is 
open  to  some  objecti<»ns.     In  tlu'St-  experiments  he  failed  to 

'  Herwig,  Pog^.  Ann.,  vol.  cxxxvii.  p.  i<^      18^)9. 
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measure  with  precision,  at  a  constant  temperature,  the 
volume  occupied  by  the  mass  of  the  substance  experimented 
with  when  the  saturation  was  exact;  that  is  to  say,  at  the 
moment  \vhen  in  augmenting-  the  volume  progressively,  the 
pressure  commenced  to  diminish  :  this  diminution  of  pres- 
sure was  the  sole  criterion  by  which  he  could  judge  when 
the  saturation  was  exact.  In  estimating  the  value  of  this 
method,  a  clear  understanding  must  be  had  as  to  whether 
that  indication  was  sufficiently  sensitive,  and,  if  not,  whether, 
for  appreciable  variations  of  pressure,  variations  of  volume 
are  negligable ;  now  it  can  be  easily  comprehended  that 
such  is  not  the  fact. 

Fig.   I. 
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Taking  /  and  v  as  variables,  representatives  of  the  condi- 
tion of  the  sulestance,  let  there  be  constructed,  point  by 
point,  with  the  numbers  given  by  Herwig,  the  correspond- 
ing isotherm  for  the  vapor  of  alcohol  at,  for  example, 
/  =  57^^-«: 


V, 


V  581 


31-580 

31-163     28-903 

25713 

17-306 

15-400 

333 

36-0         38-7 

437 

657 

74-0 

p 


■    ■    ■  33  o 

Exact    saturation    occurs,    according   to    Herwig,   when 
=  31-580,  and  7;  =  33-3.     The  trace  {F(q:  i)  is  composed  of 


a  rectilineal  Y^i^rX.  AB  parallel  to  the  axis  OV,  corresponding 
to  the  saturated  condition,  and  of  a  hyperbolic  part,  correspond- 
ing to  the  condition  of  a  vapor  following  the  laws  of  Mariotte 
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and  Gay-Lussac,  united  by  a  eonnectiiii:;  curve  at  />  to  the  recti- 
lineal part  in  such  manner  that  near  B  the  variations  of 
pressure  corresponding  to  very  large  variations  of  volume 
are  very  small,  in  which  case  the  value  of  /"must  be 
extremely  uncertain. 

Herwig  was  led  by  the  lack  of  sensitiveness  of  his  method 
to  invent  an  empirical  law  connecting  the  product  PV  of  a 
vapor  following  the  laws  of  Mariotte  and  (xay-Lussac,  with 
the  product />7'  of  saturated  vapor;  he  put 

PV=  pv  C  ,  7; 

C  being  a  constant  and  f  the  absolute  temperature,  then 
verifying  the  equation  from  such  of  his  experimental  groups 
whose  values  of/,  7' and  7"  he  considered  to  have  been  deter- 
mined with  the  most  precision,  he  obtained  for  it  a  value  of 
C  and  corrected  the  results  of  his  other  experiments  by 
means  of  that  formula ;  in  other  words,  he  determined 
empirically  the  specific  volume.  This  had  the  effect  <^f 
replacing  the  trace  representing  the  states  of  exact  satura- 
tion, ])y  the  following  one  : 

which  can  only  be  applied  within  very  restricted  limits  of 
temperature. 

In  18S0,  Messrs.  Wiillner  and  (xrotian"^^  repeated  these 
measurements  with  an  apparatus  vvhich  may  be  considered 
as  a  combination  of  those  of  Herwig  and  of  Messrs.  Fair- 
bairn  and  Tate.  The  space  where  they  produced  and 
investigated  the  vapor  was  within  an  assemblage  of  three 
inverted  balloons  whose  necks,  graduated  in  parts  of  equal 
length  and  equal  volume,  communicated  with  a  receptacle 
filled  with  mercury  under  a  known  pressure:  a  fourth  bal- 
loon, under  the  same  conditions,  contained  the  vapor  in  a 
constant  state  of  saturation  owing  to  the  presence  of  an 
excess  of  liquid;  it  served  as  a  bench-mark  in  the  experi- 
ments and  corresponded  to  the  space  which  surrounded  the 

*  Wiillner  and  rirotian,  ll'udtfnann's  .Inntitt'n,  vol.  xi.  p.  54S  (1880).  .ind 
Wiillner.  I.fhrhiiih  dt-r  /Cx/frrifUffitafP/iyxil-,  vol.  iii,  pp.  705  and  758  (1885). 
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balloon  in  the  apparatus  of  Messrs.  Fairbairn  and  Tate. 
Finally,  the  four  balloons  were  immersed  in  a  liquid  bath, 
kept  properly  agitated,  whose  temperature  was  exactly  meas- 
ured. The  volumes  of  the  first  three  balloons  were  in  the 
ratio  of  I,  2  and  4.  The  weight  of  liquid  introduced  into 
them  was  in  the  same  proportion  as  the  volumes ;  the  lique- 
faction of  the  vapor  would  be  effected  at  the  same  moment 
in  the  three  spaces.  The  temperature  was  raised,  and  the 
pressure  was  so  regulated  as  to  cause  dry  vapor  in  the  three 
balloons :  the  temperature  being  maintained  constant,  the 
vapor  was  very  slowly  compressed,  and  the  instant  that  fog 
or  wet  steam  appeared  on  the  sides  was  considered  to  be 
the  instant  of  exact  saturation.  The  observations  made  on 
the  three  balloons  were  always  concordant,  but  the  liquefac- 
tion was  produced  by  a  pressure  a  little  less  than  the  maxi- 
mum pressure  of  the  saturated  vapor  observed  in  the  fourth 
balloon. 

In  the  first  pl^ce,  as  Mr.  Wlillner  remarks,  if  the  apparent 
irregularity  of  the  condensation  then  found  was  due  to  the 
action  of  the  sides,  its  effect  ought  to  vary  with  the  propor- 
tion of  the  surface  of  the  balloon  to  the  volume  of  the  same  ; 
the  greater  that  proportion  the  greater  should  be  the  con- 
densation of  the  vapor  on  the  sides,  and  vice  versa.  In  operat- 
ing with  balloons  of  unequal  capacity,  there  should  be 
found  for  the  specific  weight  of  the  vapor,  numbers  varying 
in  the  same  direction  as  the  capacities,  or  this  cause 
amounts  to  nothing. 

The  influence  of  the  sides,  if  it  exist,  would  be  masked 
by  much  more  important  phenomena.  It  seems  that  this 
apparent  irregularity — (and  a  considerable  one,  too,  since  the 
ratio  of  the  observed  pressures  to  the  pressures  correspond- 
ing to  the  saturated  vapor,  has,  for  water,  the  sensibly  con- 
stant value  of  o'oi) — can  be  explained  in  the  following 
manner : 

In  considering  the  assemblage  formed  by  the  isotherms 
corresponding  to  temperatures  below  and  above  the  critical 
point  of  a  substance,  Mr.  James  Thomson'^  was  led  to  think 

*  J.  Thorn -^on,  /*roceedi?igs  of  Ro'yal  Society  of  London,  November,  1871. 
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that  the  passage  from  the  gaseous  state  to  the  liquid  state 
could  be  insensibly  made,  the  substance  remaining  homo- 
geneous. The  isotherms  representing  such  a  change  of  state 
have  no  horizontal  part,  but  are  continuous  and  have  a  form 

fig.   1. 


M 


like  AMXD{Fig.  2).  Several  scientists, taking  this  conception 
as  a  basis,  have  devised  different  formulae  to  represent  the 
law  connecting  the  presstire  with  the  volume.  Among  them, 
Mr.  Clausius*  has  proposed  the  following : 


/• 


RT 


4- 


F{T) 


.if 


R  beinji  the  constant  of  the  law  of  Mariotte,  7^  the  absolute 
temperature,  a  andy^  two  specific  constants  of  the  substance. 

The  numbers  calculated  by  Mr.  Sarrauf  resulting  from  the 
application  of  this  formula  to  carbonic  acid,  are  in  very  sat- 
isfactory accord  with  th'ose  obtained  by  Messrs  Cailletet 
and  MathiasJ  in  their  recent  experiments  on  liquefied  gases. 

If,  in  this  formula,  ThQ  supposed  constant,  the  isotherm 
represented  will  have,  in  fact,  the  form  shown  in  Fij^.  2, 
Mr.  Clausitis  has  elsewhere  made  it  evident  that  the  hori- 
zontal part  found  in  constructing  the  isotherm  with  the 
experimental  data,  should  be  so  placed  that  the  areas  AMC 
and  CNB  would  be  equal. 


♦  Clausius.   Wii'demann  s  Annalen,  vol.  ix,  p.  127,  1879. 
f  S.irrau.  Conif>fts  Rttuiwa,  vol.  ci,  pp.  941.  994  and  1 14$. 
X  Caillelel  and   .Maihias.  Journat  d(   Phvsi</Nf,  2d  scries,  vol.  v,  p.  549, 
1886. 
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What  is  the  nature  of  the  point  B  considered  as  apper- 
taining to  the  trace  EACBD  /  Is  it  a  curved  connecting  point, 
or  an  angular  point  /  If  it  were  an  angular  point,  the  volume 
augmenting  in  departing  from  a  point  in  the  straight  line 
AB,  the  variable  B  would  enter  abruptly  into  the  expression 
of  the  pressure,  which  seems  could  not  be  the  case  as 

dp 

dt 
would  then  become  a  discontinuous  function. 

With  this  difficulty  in  the  case,  and  having  regard  to  the 
isotherm  constructed  with  Herwig's  numbers,  represented 
in  Fig.  /,  there  appears  more  probability  that  the  straight 
line  AB  connects  with  Mr.  J.  Thomson's  curve  in  the  manner 

Fig.  3 


shown  in  Fig.  j,  and  there  follows  that  the  representative 
point  of  the  state  of  the  substance  at  the  instant  when 
there  was  no  more  liquid,  and  when  the  vapor  was  still 
saturated,  is  not  on  the  parallel  to  the  axis  of  the  volumes, 
but  below  at  B' ,  so  that  the  condensation  will  commence  at  a 
pressure  less  than  the  maximum  pressure  of  the  vapor.  Thus 
what  Messrs.  Wlillner  and  Grotian  have  measured  is  the 
specific  volume  of  the  vapor  in  a  particular  state,  a  volume 
which  is  not  the  inverse  of  the  specific  weight  of  saturated 
vapor  in  presence  of  an  excess  of  liquid. 

Messrs.  Fairbairn  and  Tate,  as  well  as  Herwig,  measured 
the  specific  volume  when  there  was  not  enough  liquid  to 
produce  the  maximum  tension  ;  in  other  words,  if  Messrs. 
Wlillner  and  Grotian  sought  the  abscissa  of  the  point  B' , 
Fairbairn  and  Tate,  and  Herwig,  determined  that  of  the 
point  B. 

Referring,  further,  to  the  measures  of  the  specific  volume 
of  the  saturated  vapor  of  chlorhydric  gas,  made  by  Mr. 
Ansdell,^  and  to  the   determinations  effected   by  Messrs. 

*Ansdell,  /'roreedings  Royal  Society,  vol.  xxx,  p.  117,  1879. 
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Cailletet  and  Mathias"  on  liquefied  g^ases,  these  measures 
being  made  aceording  to  the  same  principle  as  those  of  the 
experiments  of  Herwig:  there  was  determined  the  mass  of 
a  given  volume  of  gas  under  known  conditions  of  tempera- 
ture and  pressure.  This  mass,  first  reduced  to  the  liquid 
state,  is  vaporized  and  the  volume  measured  at  the  instant 
of  exact  saturation  as  near  as  can  be  detected,  either  as 
in  the  case  of  Mr.  Ansdell,  by  observing  the  movement  of  a 
manometer,  or,  as  in  the  case  of  Messrs.  Cailletet  and 
Mathias,  by  watching  the  moment  when  the  last  drop  of 
the  liquid  disappeared.  These  measures  are  very  interest- 
ing, not  only  because  they  are  the  first  made  on  the  respec- 
tive substances,  but  also  becatise  they  have  a  degree  of  pre- 
cision very  difficult  to  attain  when  stich  high  pressures  are 
employed  ;  the  methods,  however,  are  not  sufficiently  exact 
for  the  object  I  have  in  view. 

From  the  preceding  exposition  there  can  be  drawn  the 
following  conclusion  :  All  the  measures  of  the  specific 
volume  of  saturated  vapors,  that  have  been  made,  or  at- 
tempted, by  seeking  to  determine  the  volume  at  the  state 
of  exact  saturation,  necessarily  include  a  source  of  error, 
small,  it  is  true,  but  inherent  in  the  methods  adopted. 
To  obtain  the  precise  determination  of  the  weight  of  the 
cubic  centimetre  of  saturated  vapors,  it  is  necessarv  to 
operate  in  the  presence  of  an  excess  of  the  liquid.  This 
is  what  I  have  endeavored  to  do,  and  the  following  experi- 
ments, which  1  am  about  to  relate,  were  made  under  that 
condition. 

This  memoir  is  divided  into  two  j)arts  :  In  the  first.  I 
describe  in  detail  the  processes  I  have  em})loyed  for  nuas- 
uring  the  specific  volume  of  saturated  vapors  ;  in  the  second, 
I  apply  the  data  thus  found  to  thec.ilculation  of  the  mechan- 
ical equivalent  of  heat  ;  it  contains,  further,  the  determina- 
tion with  a  known  degree  of  approximation,  of  the  numeri- 
cal values  of  a  certain  number  <>f  important  factors 
employed  in  this  calculation, 

*  Cailletet  and  Mathias.  Jouitial  dir  Physique,  /tur,  (it,,  2d  series,  vol.  v,  p. 
S49.  1886. 
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But  before  proceeding,  I  must  be  allowed  here  to  express 
to  Messrs.  Bicliat  and  Blondlot  the  profound  and  respectful 
gratitude  to  which  they  are  entitled  from  me.  They  have 
freely  placed  at  my  disposal  the  resources  of  their  labora- 
tory, and  if  I  have  profited  during  several  years  from  the 
wise  counsel  and  high  experience  of  Mr.  Bichat,  I  am 
happy  to  say  that  Mr.  Blondlot  has  likewise  guided  and 
supported  me  in  this  my  first  work. 

CHAPTER    I. 
Measure  of  the  Specific  Volume  of  Saturated  Vapors. 

Two  methods  have  been  employed  for  measuring  the 
specific  volume  of  saturated  vapors,  but  in  both  will  be 
found  realized  the  condition  of  which  I  have  previously 
shown  the  necessity.  The  weight  of  the  cubic  centimetre 
of  vapor,  and  consequently  its  inverse,  the  specific  volume, 
is  determined  by  isolating  in  an  atmosphere  of  saturated 
vapor  a  certain  volume,  and  measuring  the  mass  of  that 
volume. 

First  Method. — Imagine  in  a  vacuous  space  E,  a  balloon, 
equally  void,  in  communication  with  it,  but  which  can  be 
isolated  at  a  given  instant,  and  that  there  can  be  produced 
in  this  space  an  atmosphere  of  the  saturated  vapor  of  a 
liquid  of  known  temperature.  The  balloon  will  fill  with 
this  vapor,  and  if  it  be  then  closed  the  mass  of  the  sub- 
stance within  it  can  be  ascertained  by  weighing,  and  from 
this  mass  can  be  deduced  the  weight  of  a  cubic  centimetre 
of  the  vapor,  and  also  its  inverse,  the  specific  volume. 

This  method  of  experimenting  has  been  realized  in  the 
following  manner :  the  inclosed  space  where  the  saturated 
vapor  is  generated  is  the  interior  ^  of  a  bronze  boiler  {Fig. 
^j,  which  can  be  closed  by  a  cover  bolted  on,  and  in  which 
a  vacuum  can  be  formed  by  means  of  a  glass  tube  t,  passing 
out  through  a  packed  stuffing  box.  After  this  boiler  has 
been  several  times  washed  out  by  the  liquid  which  is  to  be 
the  subject  of  the  experiment,  in  order  to  eliminate  all 
trace  of  any  other  substance,  there  is  placed  on  a  support 
in  it  a  balloon,  tared,  full  of  dry  air,  and  similar  to  those 
employed  for  determining  the  density  of  vapors  according 
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to  the  process  of  Dumas ;  the  method  employed  for  drying 
the  balloon  is  the  one  used  by  Regnault :  produce  a  vacuum 
in  the  interior  and  allow  the  air  to  enter  about  thirty  times. 
Around  the  extreme  end  of  the  neck  of  the  balloon,  which 
has  been  drawn  out  to  a  fine  point,  there  is   coiled  a  plati- 


Fig.  4. 


num  wire/,  one  of  whix'^e  ends  is  fastened  to  the  side  of  the 
boiler  at  a  ;  the  other  end  b  is  secured  to  another  platinum 
wire  /'  which  passes  through  the  side  of  the  boiler  in  a 
glass  tube  /',  and  is  thus  isolated  from  the  boiler.  At  the 
side  of  the  balloon  there  is  placed  in  the  interior  of  the 
boiler  a  phial  A  full  of  the  liquid  to  be  operated  on.  To 
Vol..  CXXXIII.  S 
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secure  a  hermetical  joint  without  the  use  of  any  fatty  sub- 
stance, there  is  placed  between  the  boiler  and  the  cover  a 
circle  of  lead  wire  which  is  flattened  by  screwing  up  the 
bolts.     The  two  stuffing  boxes  for  passing  out,  the  one,  the 
isolated   platinum    wire ;   the    other,  the   glass    tube  t,  are 
packed  either  with   rings  of  cork  or  with  a  mixture  of  flax 
and  talc.     The  interior  of    the  boiler  is  dried  by   several 
times  causing  a  vacuum  in  it  and  allowing  dry  air  to  enter, 
then,  after  the  last  time,  the  air  is  extracted  as  completely 
as  possible,  first,  by  a  Carre  machine,  and  then  by  a  mercu- 
rial pneumatic  machine.    The  rarefaction  in  the  last  experi- 
ments made  on  ether  at  low  temperatures,  was  so  complete 
that  the  difference  between  the  levels  of  the  two  columns 
of  the  manometer  was  not  more  than  about  half  a  milli- 
metre.    The  glass  tube  /,  which  established  the  communi- 
cation between  the  machine  and  the  boiler,  is  now  hermeti- 
cally sealed,  and  the  latter  is  placed,  according  to  the  case, 
into  a  bath   of  olive  oil,  or  into  a  water  bath,   previously 
heated  to  about  the  desired  temperature.     The  bath  is  kept 
in  continuous  agitation  by  a  mechanically  operated  sucking 
and  forcing  pump,  which   draws  the  oil  or  water  from  the 
bottom  of  the  bath  and   returns  it  above   the   top  of  the 
boiler. 

The  dilatation  of  the  liquid  in  the  phial  breaks  the  latter 
and  furnishes  within  the  apparatus  the  saturated  vapor  which 
enters  and  fills  the  balloon.  The  duration  of  the  heating 
was  always  more  than  three  hours,  and  in  one  experiment 
it  was  nearly  a  day  and  a  half.  A  regulator  controlling  the 
delivery  of  the  gas,  prevented  too  great  variations  in  the 
temperature.  There  was  used  in  these  experiments  a  glyc- 
erine regulator,  the  advantage  of  which  consisted  in  com- 
bining independence  of  the  atmospheric  pressure  with  suffi- 
cient sensitiveness;  at  150°  the  variations,  very  rapid,  did 
not  exceed  i^  At  the  end  of  an  experiment  I  was  particular. 
to  maintain  for  twenty  or  thirty  minutes  the  temperature 
constant,  at  least,  to  about  j-^^,  with  increased  care  for  pre- 
venting cooling  effects  due  to  exterior  causes.  For  closing 
the  balloon,  there  was  passed  through  the  platinum  wire  / 
the  current  from  a  small  Gramme  machine,  one  pole  of  which 
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was  attached  to  the  side  of  t±ie  boiler  and  the  other  to  the 
wire  f.  The  platinum  wire  /  became  highly  heated,  melted 
the  glass,  and  the  point  was  hermetically  sealed  the  same 
as  if  done  by  a  blow-pipe. 

The  boiler  is  lifted  from  the  bath  and  allowed  to  cool, 
then  the  cover  is  removed  and  the  balloon,  in  which  a  part 
of  the  vapor  has  been  condensed,  is  taken  out.  The  opera- 
tion is  finished  by  measuring"  the  density  of  the  dry  vapor 
according  to  Dumas'  process.  The  gauging  is  made  either 
with  water,  or,  preferabh',  with  mercury;  the  air  which 
remains  is  ascertained,  and  its  volume  should  never  excbed 
four  cubic  centimetres,  200  cubic  centimetres  being  the 
mean  capacity  of  the  balloon. 

The  following  are  the  results  I  have  obtained  in  operating 
at  different  temperatures  on  water,  on  the  bisulphide  of 
carbon,  and  on  ether: 


.yanif  of  the  Liquid. 


Water, 


Bisulphide  of  carbon. 


Ether, 


Temperature 
in  I>ef[reey. 

I'olutue  of  the  Bal- 
loon ato°  in  C'uhic 
Centimeltes. 

Sbecific  1  Wume  of 

the  Vapor  in  Cubic 

Centimetres. 

c    68  20 

243-0 

5747 

88'6o 

1 88- 1 

2531 

98-10 

222-3 

1782 

99  60 

219.0 

1657 

101-50 

196-92 

15-3 

124-10 

169-92 

766 

84-60 

171-19 

116-3 

'    28-40 

i74'57 

426-2 

30-00 

177-98 

4000 

31-70 

182-42 

375'> 

31-90 

182-64 

3730 

5790 

208-40 

168-0 

85-50 

215-50 

7717 

^  110-50 

150-35 

43'94 

I  will  here  give  some  information  relative  to  the  practi- 
cal particulars  of  the  experiments. 

I  have  not  been  able  to  experiment  on  water  much  above 
100°,  because  the  surface  of  the  glass  becomes  greatly 
altered  above  this  temperature  by  the  saturated  vapor;  thus, 
with  140°,  at  the  end  of  three  hours'  heating,  the  interior  of 
the  balloon  had  been  so  attacked  that  a  white  and  opaque 
skin  of  silica  would  scale  off  like  a  thick  pellicle  of  retrac- 
tile collodion.     The  experiment    in   the  above  table,  made 
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at  1 24°- lo,  should,  for  this  reason,  be  considered  doubtful. 
At  lOi'^'S  I  have  not  observed  any  attack  of  the  kind.  The 
experimtnt  made  with  that  temperature  lasted  thirty-two 
hours,  and  the  glass,  when  the  balloon  was  lifted  out  of  the 
boiler,  was  as  transparent  as  when  the  balloon  was  placed 
in  it.  This  experiment,  made  under  eminently  favorable 
conditions  for  such  an  attack  on  the  glass,  shows  that  below 
loo^  in  the  other  experiments,  which  lasted  at  tl^ie  longest 
five  hours,  the  attack  was  absolutely  nothing. 

When  the  bisulphide  of  carbon  was  experimented  with, 
the  sealing  of  the  balloon  was  attended  by  some  difficulties. 
This  substance  is  decomposed  at  a  red  heat,  and  the  sulphur 
combining  with  the  platinum  forms  a  fusible  sulphuret  of 
platinum,  the  wire  breaks,  and  the  current  no  longer  pass- 
ing, the  balloon  frequently  remains  open. 

With  ether,  the  current  should  be  sent  rapidly ;  the 
point  of  the  neck  should  be  of  very  thin  glass,  for  a  deposit 
of  carbon,  due  to  the  decomposition  of  the  ether  at  a  high 
temperature,  is  quickly  produced  on  the  wire,  which  deposit 
hindering  the  contact  of  the  glass  with  the  metal  prevents 
their  being  soldered  together.  If  the  point  be  thick,  the 
balloon  does  not  become  closed,  while,  if  the  glass  be  thin, 
it  is  melted  before  the  carbon  deposit  can  acquire  any 
notable  thickness.  This  partial  decomposition  of  the  vapor 
cannot  in  the  least  falsify  the  results  of  the  experiments, 
for  it  takes  place  outside  of  the  balloon,  into  which  the  gas 
cannot  penetrate  during  the  very  short  time  of  the  passage 
of  the  current.  In  the  first  experiments  made  on  ether  at 
low  temperatures,  the  dilatation  of  the  liquid  was  not  suffi- 
cient to  break  the  phial  containing  it,  in  which  case  I 
opened  the  phial  by  a  process  the  inverse  of  that  by  which 
I  had  closed  the  balloon,  namely,  by  means  of  a  current 
penetrating  into  the  apparatus  by  a  second  isolated  wire,  I 
melted  the  point  of  the  phial,  and  there  being  a  vacuum  in 
the  boiler,  a  hole  was  produced  by  the  pressure  of  the  vapor 
through  which  the  latter  escaped. 

[  7o  be  continued.] 
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FOURTH     CEXTEXXIAL     of    the     IMSCOVERY    ok 

AMERICA. 


\^Offi.cial  Announcement  of  the  Historical  American  Exhibition  of  Madrid ^^ 

One  of  the  acts  with  which  the  Spanish  Government  has 
decided  to  commemorate  the  Fourth  Centennial  of  the  Dis- 
covery of  America, 'as  ordered  by  the  Royal  Decree  of  ninth 
of  February  last,  is  the  establishment  at  ^ladrid  of  an  exhibi- 
tion that  is  to  comprise  every  kind  of  American  objects, 
giving"  at  the  same  time  an  idea  of  the  civilizations  of  the 
New  World,  anterior  to  and  coeval  with  the  epoch  of  the  dis- 
covery and  European  conquests. 

This  purpose  being  known,  it  seems  unnecessary  to 
overrate  the  importance  of  this  Exposition.  The  mere 
announcement  of  it  suffices  to  enable  one  to  appreciate  the 
great  elements  that  science  will  find  for  its  progress  and 
the  numerous  data  that  arts  will  collect  to  complete  the 
knowledge  of  those  mighty  races  about  which  so  much 
remains  to  be  known  and  investigated. 

Besides  this  interesting  aspect,  the  Exhibition  symbol- 
izes the  homage  paid  by  the  present  generation  to  the  gal- 
lant and  fearless  navigator,  who,  with  unshaken  faith, 
opened  to  the  Old  World's  civilization,  the  vast  horizons  of 
an  unknown  continent,  the  influence  of  which,  in  the  course 
of  time,  has  increased  the  wealth  and  prosperity  of  every 
country  of  the  earth. 

With  such  patriotic  incitements,  the  committee  has  not 
the  slightest  doubt  of  your  valuable  assistance  by  sending 
to  the  Historical-American  Exhibition  any  objects  in  your 
possession  of  American  origin  or  referring  to  the  conquest, 
anterior  to  the  middle  of  the  eighteenth  century,  of  tlic 
following  classification  : 

TRKI nST(jRIC    A M KKIC A. 

Plans,  models,  reproductions  or  drawings  ol  aiiLiuiu 
American  caverns  and  everything  showing  any  trar-  "f 
their  having  been  used  as  human  dwellings. 
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Plans,  models,  representations  or  drawings,  etc.,  of 
American  menhirs,  dolmens,  tumuli  and  other  megalithic 
monuments,  with  specification,  if  possible,  of  the  local  names 
by  which  they  are  known  in  the  country. 

Models,  drawings,  representations,  etc.,  of  the  remains 
of  lacustrine  dwellings  and  objects  coming  from  that  period. 
Ever\'  kind  of  objects  found  inside  and  near  the  prehistoric 
monuments,  or  graphic  designs  of  the  same. 

Stone  arms  and  instruments  from  the  paleolithic  and  neo- 
lithic periods  ;  articles  made  of  horn  and  animal  bones.  Pot- 
tery, ornaments,  utensils  made  of  bones,  ivory,  wood,  stone 
and  of  any  other  materials;  stone-hammers  and  mortars.  Fos- 
sils, or  animal  bones  serving  to  prove  the  archaeological  dis- 
coveries of  those  ancient  periods. 

Arms,  instruments,  utensils,  ornaments  and  other  imple- 
ments of  the  copper  and  bronze  ages. 

HISTORIC   PERIOD. 

Models  or  representations  of  ancient  American  build- 
ings, remains  of  chapiters,  cornices,  etc.  Polychromatic 
architecture.  Plans,  models  or  drawings  of  restored  monu- 
ments. 

Statues,  fragments  of  them,  busts,  bas-reliefs,  etc. 
Pictorial  art— painted  architectural  fragments  and  paintings 
on  every  sort  of  materials.  Engravings  and  etchings, 
antique  wood  carvings. 

INDIAN    INDUSTRIAI,    ARTS,  ETC. 

Clothing  ancl  adornment  of  aboriginal  uncivilized  and 
but  partly  civilized  Indians.  Implements  of  war,  offensive 
and  defensive,  of  wood,  copper,  bronze  and  iron. 

Gold,  silver,  bone  and  ivory  jewels  ;  necklaces,  ear-rings, 
bracelets,  etc.  Pottery,  household  utensils  and  furniture. 
Tissues  and  textiles  from  which  they  are  made.  Appara- 
tus for  manufacturing  purposes.  Articles  used  in  transpor- 
tation by  water  and  land.  ^ 

Documents   written    in    their  native    tongue.     Pictures,  M 

photographs  of  Indians  and  effigies  of  the  same  with  their  ■ 
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wearing  apparel,  weapons,  etc.    Models  of  Indian  dwellings. 
Indian  crania. 

CARTOGRArilV,    NAUTICAL    INSTRUMENTS,    ETC. 

Maps,  plans,  charts,  drawings  and  all  that  relates  to 
the  ancient  cartography.  Models  of  vessels  anterior  to  the 
voyage  of  Columbus.  Carabelas,  portions  of  the  same,  or  of 
their  rigging.     Models  or  drawings  thereof. 

Astrolabes  and  nautical  instruments,  marine  charts  and 
maps  used  at  the  period  of  the  discovery  of  America. 
Objects  of  personal  use  of  Columbus  ;  pictures  of  the  same. 
American  architectural  monuments. 

FINE   'AKTS,    FTC. 

t 

Ancient  architectural  monuments,  sculpture,  paintings, 
engravings,  industrial  and  artistic  works  following  the  dis- 
covery, American  coins,  literary  and  scientific  publications, 
manuscripts,  charts  and  plans  from  the  discovery  to  the 
middle  of  the  eighteenth  century. 

As  you  will  naturally  wish  to  know  the  conditions  and 
circumstances  attending  the  celebration  of  the  said  con- 
course, those  more  important  for  exhibitors  are  inserted  here 
below,  as  consigned  in  the  general  regulations  approved  by 
the  Managing  Committee  of  the  Exhibition,  viz  : 

(i)  The  Exhibition  will  take  place  in  Madrid,  in  the 
palace  destined  to  the  Library  and  National  Museum,  which 
will  be  inaugurated  on  this  occasion,  as  well  as  in  the  Park 
of  Madrid.     (Art.  2,  of  the  Regulations.) 

(2)  The  concourse  will  be  opened  to  the  public  on  Sep- 
tember 12,  1892,  closing  on  December  31st,  following. 
(Art.  2.) 

(3)  The  objects  destined  to  the  concourse  will  be 
delivered  to  the  vSpanish  Committee  of  this  capital,  whose 
address  is  given  below.  This  committee  will  forward,  gratis 
to  all  applicants,  the  regulations,  instructions  and  particu- 
lars, as  also  schedules  of  inscription  to  be  filed  by  those 
wishing  to  be  considered  exhibitors,  and  will,  in  due  time, 
hand  over  receipts  for  all  objects  delivered  by  the  latter. 
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These  obiects  must  be  presented  in  good  condition,  in 
cases,  and  packed  with  the  care  required  for  conveyance. 

At  the  request  of  applicants  and  in  their  presence,  the 
packages  delivered  by  them  may  be  marked  and  sealed. 

Schedules  and  labels  will  be  furnished  to  exhibitors 
wishing  to  consign  their  remittances  to  Madrid.  (Arts.  i8, 
22  and  24.) 

(4)  Once  the  packages  in  the  hands  of  the  committee, 
all  expenses  of  conveyance  of  same  to  Madrid  and  back  will 
be  paid  by  the  ^Managing  Committee,  the  exhibitors  thereby 
incurring  no  further  expense.     (Art.  26.) 

(5)  In  the  same  way  in  the  building  and  grounds  of  the 
Park,  the  plans  of  which  can  be  seen  at  the  offices  of  this 
committee,  the  necessary  space  will  be  allotted  gratuitously 
to  exhibitors  to  install  in  an  ample  and  proper  manner  the 
objects  they  present.  The  cost  of  the  general  installation 
will  be  at  the  expense  of  the  Managing  Committee.  The 
exhibitor  desirous  of  an  accommodation  special  or  distinct 
from  the  general  one,  may  have  it  at  his  expense,  pro- 
vided the  design  he  must  submit  to  the  general  delega- 
tion be  previously  approved  of.     (Art.  30.) 

(6)  Packing  materials  and  empty  cases  will  be  kept  in  a 
fit  and  safe  place  by  the  delegation,  no  charge  being  made 
to  exhibitors  for  this  service.     (Art.  29.) 

(7)  Exhibited  objects  may  not  be  withdrawn  before  the 
official  closing  of  the  concourse,  except  in  case  of  special 
permission  from  the  general  delegate. 

(8)  All  the  installations  of  the  Exhibition  must  be  finished. 
on  the  31st  of  August,  1892.     (Art.  32.) 

(9)  Exhibitors  desiring  to  sell  their  exhibited  objects  will 
mark  the  price  of  same  on  the  schedules  and  labels  for  the 
information  of  the  public,  as  well  as  for  the  easier  judgment 
of  the  members  of  the  jury.     (Art.  34.) 

do)  Immediately  after  the  closing  of  the  Exhibition,  the 
packing  and  return  of  objects  exhibited  will  take  place. 

The  cases  or  parcels  that  may  not  have  been  delivered  in 
Madrid,  will  be  .sent  by  the  general  delegation  to  the  com- 
mittee through  which  they  were  received.  In  their  turn  the 
said  committee  will  hand  them  over  to  the  exhibitors,  tak- 
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ing  back,  at   the  same  time,  the  receipts  formerly  given  to 
the  interested  parties. 

In  case  of  loss  of  said  receipts,  they  ma}'  be  substituted 
by  documents  proving  the  property  of  the  objects.    (x\rt.  3S.  i 

(11)  To  each  exhibitor,  or  in  his  absence  to  the  repre- 
sentatives, will  be  given  a   free    pass    to    the    Exhibition. 

(Art.  44.) 

(12)  In  view  of  the  lists  that  the  exhibitors  will  hand  to 
the  general  delegation,  this  latter  will  issue  likewise,  gratis, 
the  necessary  tickets  for  service  of  care-takers,  attendants 
and  workmen  required  for  the  installation.     (Art.  47.) 

(13)  All  objects  from  foreign  countries  to  be  transmitted 
to  the  Exhibition  will  be  considered  as  a  deposit  and  conse- 
quently free  from  any  custom  house  or  toll  duties,  on  con- 
dij:ion  that  at  the  closing  of  the  Exhibition  said  objects  be 
returned  abroad. 

Orders  will  be  transmitted  for  the  land  and  maritime 
custom  houses  to  mark  and  forward  all  consignments  imme- 
diately to  Madrid.     (Art.  52.) 

(14)  The  return  abroad  of  objects  exhibited  will  take  place 
during  the  term  of  two  months,  counting  from  the  day  on 
which  the  closing  of  the  Exhibition  has  been  declared. 
(Art.  55.) 

(15)  The  delegation  will  publish  a  general  catalogue  of 
all  the  objects  that  appear  in  the  Exposition,  giving  the 
name  and  address  of  each  exhibitor ;  and  the  class,  nature 
and  a  brief  description  of  everything  exhibited.     (Art.  56.) 

(16)  Besides  the  general  service  for  custody  and  safety  to 
be  organized  by  the  general  delegation,  the  commissaries 
or  delegates  of  foreign  nations,  as  well  as  any  exhibitor 
wishing  to  form  an  association,  may  at  their  own  expense 
appoint  special  guardians  for  the  security  of  their  respective 
departments  who  shall  submit  to  the  rules  of  organization  and 
service  determined  by  the  general  delegation,  and  shall  wear 
by  previous  authorization,  the  uniform  and  distinctive 
marks  agreed  upon.     (Art.  78.) 

(1 7)  For  the  examination  and  ciualification  of  the  merit 
of  the  objects  exhii)ited,  an  international  jury  will  be 
appointed,  and   the   nnmher   of   its    proprietarv    substitute 
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members  will  be  determined  in  proportion  to  the  number  of 
exhibitors  and  the  importance  of  the  objects  exhibited. 
(Art.  60.) 

(18)  The  prizes  to  be  granted  will  consist  of  diplomas  of 

the  following  categories  : 

First  Prize  of  Honor, 

Gold  Medal, 

Silver  Medal, 

Brass  Medal, 

Honorable  Mention. 

The  diplomas  will  be  accompanied  by  a  medal  commemo- 
rative  of  the  Exposition,  the  same  for  every  kind  of  prize. 
(Art.  66.) 

(19)  It  will  be  understood  that  all  exhibitors  from  the 
mere  fact  of  appearing  at  the  Exhibition,  accept  the  condi- 
tions contained  in  the  General  Regulations  and  any  others 
that  may  be  in  future  dictated  in  the  matter.  Having  made 
known  the  substance  of  the  contents  of  the  General  Regu- 
lations of  the  Historical-American  Exhibition,  a  copy  of 
which  will  be  forwarded  to  you,  should  you  wish  to  be  an 
exhibitor,  the  commission  reiterates  the  request  that  you 
will  honor  the  said  Exhibition  with  your  presence,  and  it 
will  have  the  greatest  pleasure  in  giving  you  all  the  infor- 
mation and  particulars  you  may  consider  necessary  to  induce 
you  to  accept  the  present  invitation  which  the  Managing 
Committee  of  Madrid  now  extends  to  you  thiough  me. 

I  avail  myself  of  this  opportunity  to  offer  you  my  respects, 
and  beg  to  remain. 

Your  obedient  servant. 
Tup:  Vice-President  of  the  Commission, 

A.  G.  DEL  Campillo, 
Secretary  of  the  Spanish  Legation, 
Washington,  D.  C,  December  i,  1891. 
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EDITORIAL. 
We  commend  not  only  to  our  readers  but  to  our  legis- 
lators, whether  readers  or  not,  the  able  paper  of  Prof. 
Haupt  in  this  number.  The  two  subjects  which  seem  to 
remain  a  mystery  in  spite  of  all  efforts  to  elucidate  them 
are  :  (i)  the  decline  of  the  merchant  marine  of  the  United 
vStates,  and  (2)  the  decline  of  Philadelphia  as  a  shipping 
and  commercial  centre.  Prof.  Haupt's  article  throws  much 
light  on  the  latter  of  these  questions. 

if. 

Attention  is  called  to  the  circular  of  the  commission  for 
procuring  a  suitable  representation  of  American  exhibits  at 
the  Spanish  Exposition  next  year  in  commemoration  of  the 
fourth  centennial  of  the  discovery  of  this  continent  by 
Europeans.  The  display  in  ^ladridwill  not  only  not  preju- 
dice the  success  of  the  larger  display  in  this  country,  but  in 
fact  the  more  perfect  it  is,  the  greater  will  be  the  gain  to 
our  own  fair  of  the  Columbian  quadri-centennial  in  Chicago. 
As  United  States  citizens  also  we  will  accept  with  pleasure 
this  opportunity  of  showing  good-will  and  courtesy  to  the 
mother  of  most  American  nations,  the  grand  old  Kingdom 
of  vSpain.  We  have  had  more  than  enough  lately  of  strained 
relations  and  hard  feelings  toward  other  Latin  members  (^f 
the  world's  family,  and  it  is  a  relief  to  be  able  to  prove  that 
our  desire  is  to  maintain  cordial  feelings  of  mutual  respect 
and  esteem  with  all. 

-v. 

*      "      v:- 

The  management  of  the  weekly  illustrated  review,  LEitt- 
/r/r//^?,  which  has  appeared  for  ten  years  in  Milan,  has  estab- 
lished an  international  competition  for  the  new  form  of  electric 
battery  which  shall  be  most  practical,  simple  and  adaptable 
to  industrial  uses.  The  competition  will  remain  open  from 
January  ist  to  August  31,  1S92.  A  prize  of  2,000  francs 
will  be  awarded  to  the  inventor  who  wins  in  the  competi- 
tion. The  jury  will  be  composed  of  well-known  and  com- 
petent persons. 

The  comj)etit()rs  must  observe  certain  regulations  of 
wliich  they  may  be  apprised  by  addressing  the  sai«l  A\:i/r. 
Address.  IJ EJcttricita,  via  Meravigli  2,  Milan.  Italy 
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RROCEE13INQS 

OF    THE 


Chemical  Section 

OK    THE 

Kranklin   Imsxituxe. 


\Stated  meeting  held  Tuesday,  December  /j,  i8qi^ 

Hall  of  the  Franklin  Institute, 
Philadelphia,  December  15,  1891. 
Dr.  \V.  H.  Wahl,  President,  in  the  chair. 

Present,  ten  members  and  one  visitor. 

Dr.  Jayne  moved  that  the  by-laws  be  suspended  and  the  regular  order 
of  business  be  done  away  with.     Carried. 

The  resignations  of  Messrs.  Stevens  and  Gudeman  were  accepted  by  the 
Section. 

A  motion  renewing  the  subscriptions  to  the  various  periodicals,  and 
authorizing  the  treasurer  to  pay  for  the  same,  was  carried. 

The  paper  of  the  evening  was  by  Prof.  Jos.  W.  Richards,  on  "  The  Specific 
Heat  of  Aluminum." 

After  a  tesumc  of  the  work  already  done  in  that  direction,  Prof.  Richards 
brought  forward  the  results  recently  obtained  by  him.  The  paper  was 
referred  for  publication. 

The  meeting  then  adjourned. 

Lee  K.  Frankel,  Secretary  pro  tern. 


RROCEKDINGS 

OF   THE 

Electrical  Section 

OF    THE 

Kranklin   Institute. 


{^Stated  meeting,  held  Tuesday,  December  /,  i8gi?^ 

Hall  of  the  Franklin  Institute, 
Philadelphia,  December  i,  1891. 
Prof.  Einvi.N  J.  Houston,  President,  in  the  chair. 
Present,  thirty  members  and  visitors. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 
Three   nominations  to  membership  were  referred  to  the  Committee   on 
Admissions.     The  committee  reported  four  elections  since  last  meeting. 


Jouy.  Frank,  fnsi .  In/.   CXXXUI.    January,  iSq2. 


[J,iimn!;s.     P/atr  /.) 


(2)  Artihciiliglunir,;;.    (Holt/.  „,.„  hine  ^|,  „  ks.)  (''   Verlicil  stralirted  dis. 

\aki.ius  Fcikms  of  LlCiHTNlNG  Dlif  HARin;.     (Reproduced  from  photographs  by  \V.  N.  JennmyiO 


Jour.  Frank.  Jnst..   lot.  C.XW.Y///.    Ja?iu3ry,  iSo^ 


{Jennings.    Plate  2.) 


(6)  Divided  discharge. 


(.7)  Double  horizontal  discharge.   (Simultaneous.) 


• 


(11)  Vertical  discharge  with  dark  branches. 


j(8)  Loop  form  of  lightning. 


(12)  Parallel  discharge  converging  into  one  main 
stem. 


(9)  Meandering  discharge.  <'°'   Horizontal  discharge. 

Vakious  Forms  of  Lightning  Discharges.    (Reproduced  from  photographs  by  \V.  N.  Jennings.) 
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The  Secretary  presented  his  annual  report,  which  showed  an  increase  in 
the  membership  from  sixteen  at  the  organization  January  17,  1891,  to  sixiy- 
four  at  present,  with  an  average  attendance  of  twenty-six  at  the  ten  meetings 
held  during  the  year. 

The  Treasurer  presented  his  annual  report,  and  it  was  referred  to  the 
Committee  of  Auditors. 

The  following  were  elected  officers  for   1892  : 

President — Prof.  Edwin  J.  Houston. 

'Presidents — Messrs.  C.  \V.  Pike  and  Carl  Hering. 

Secretary  and  Treasurer — Prof.  L.  F.  Rondinella. 

Conservator — Dr.  VVm.  H.  Wahl. 

Mr.  H.  W.  Bartol  presented  a  communication  on  the  "  Electric  Railway 
of  Buda-Pesth,"  illustrated.     Referred  for  publication. 

Mr.  Carl  Hering  described  some  details  of  the  "  Lauffen-Frankfort 
Alternating  Current  Transmission,"  with  illustrations. 

Mr.  Wm.  S.  Aldrich  read  a  paper  on  "  Electro-Magnetic  Machinery," 
which  was  profusely  illustrated,  and  is  to  be  continued. 

The  Treasurer  presented  bills  for  printing,  etc.,  which  were  approved  and 
ordered  paid. 

Adjourned.  L.   F.  Rondi.nella,  Secretary. 


JOVE'S  AUTOGRAPH. 


Bv  \V."N.  Je.nnings. 


\_Rea({  at  the  stated  meeting  held  \o7>eniber  j,  /i'9/.J 

To  watch  the  play  of  electric  fire  and  listen  to  the  deep 
echo  of  its  voice  has  always  been  to  me  a  most  fascinating 
pastime.  Many  years  ago  I  noted  a  great  difference  between 
the  actual  appearance  of  lightning  itself  and  that  depicted 
by  artists  such  as  Dorc:  in  the  sky,  a  graceful,  waving 
ribbon  of  light,  and  on  canvas,  an  awkward,  angular,  zig- 
zag line.  Thinking,  perhaps,  my  eye-sight  was  defective,  it 
occurred  to  me  to  see  if  the  modern  extremely  sensitive 
photographic  plate  could  catch  and  record  the  true  form  of 
an  electric  discharge,  and  thus  definitely  decide  the  question 
as  to  the  zigzag  or  wavy  line.  The  work  was  commenced,  but 
not  until  September,  18S2,  was  I  enabled  to  induce  Jove  to 
write  his  autograph:  a  little  luavy  line  about  a  half  an  inch 
long;  thus  encouraged  the  task  was  taken  up  with  renewed 
interest,  which  has  never  flagged  since  that  time,  and  now 
it  gives   me  great  pleasure  to  bring  before  the  Electrical 


78  Electrical   Section.  [J.  F.  1., 

Section  of  the  Institute,  a  number  of  photographs  repre- 
senting various  types  of  lightning,  the  result  of  nine  years' 
work :     (See  Frontispiece.) 

(1)  A  sketch  of  the  conventional  form  of  lightning  as  given  by  artists, 

and  may  be  termed  a  "  Uore  discharge." 

(2)  Artificial  lightning,  or  Holtz  machine  spark,  the  increased  thickness 

being  due  to  the  addition  of  condensers. 

(3)  Sinuous  vertical  discharge,  with  branches,  taken  August  i,  1885. 

(4)  "  Tree"  form  of  lightning,  caught  June  i,  1887. 

(5)  Vertical  discharge  showing  stratified  lines  near  its  lower  extremity, 

taken  May  29,  1888. 

(6)  Divided  discharge,  caught  August,  1886. 

(7)  Double  horizontal  discharge  (both  occurring  at  same  time),  taken 

August,  1890. 

(8)  Loop    form    of    discharge,  having  a  spiral  line  running   its   entire 

length,  taken  June  10,  1890, 

(9)  Meandering  discharge. 

(10)  Horizontal  discharge,  taken  June  11,  1890. 

(11)  \'ertical  discharge;  taken  ten  minutes  later  than  10. 

(12)  Parallel  discharge :     Two  almost  parallel  lines  converging  into  one 

main  stem,  taken  April  17,  1891. 

It  will  be  noted  that  in  all  these  photographs  the  wavy 
character  is  maintained,  and  also  that  the  line  grows  thicker 
as  the  discharge  progresses."^ 

There  has  been  a  question  raised  as  to  whether  (10) 
really  represented  a  lightning  discharge  or  was  merely  a 
defect  or  scratch  upon  the  surface  of  the  photographic  plate. 
It  has  been  my  practice  to  note  in  my  diary  particulars  of 
the  storm  and  a  pen-and-ink  sketch  of  the  forms  of  light- 
ning photographed  as  they  appeared  to  the  eye,  this  being 
done  while  the  impression  was  still  strongly  written  upon 
the  mind.  The  following  note  appears  in  reference  to  (10), 
and  the  preconceived  sketch,  made  before  the  plate  was 
developed,  has  the  same  general  outline  as  the  photograph : 

"June  II,  1890.  Most  remarkable  storm  occurred  last 
night.  At  10  o'clock  took  my  little  kodak  and  went  off  into 
the  country.  Oot  some  beautiful  low  horizon  effects.  At 
midnight  the  storm  reached  us  ;  never  saw  such  marvellous 
lightning   effects;    all  directions;    one  incessant  blaze    of 


*  We  are  indebted  for  the  use  of  a  number  of  these  pictures  to  the  journal 
Eire  trie  ity. 
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glory ;  mostly  horizontal    discharges ;  saw    several    streaks 
turn  back  on  themselves  *  *  -  " 

The  "  tree  form  "  (5)  will  probably  explain  the  production 
of  marks  upon  the  bodies  of  persons  struck  by  lightning, 
which  have  hitherto  been  supposed  to  be  photographs  of 
actual  trees  or  branches. 

Examination  of  the  discharges  upon  the  negatives  by 
means  of  a  strong  lens  discloses  the  presence  of  a  transpar- 
ent line  running  along  its  length.  Whether  this  is  due  to 
photo-chemical  action,  or  whether  the  lightning  is  so  divided, 
I  am  unable  to  determine. 

When  lightning  has  once  opened  up  a  path  in  space, 
there  usually  follows  immediately  along  the  same  line  a 
series  of  discharges.  If  the  camera  be  moved  across  its 
path  the  resulting  photograph  is  liable  to  show  a  number  of 
parallel  ribbons  of  lightning,  which  has  given  rise  to  the 
opinion  that  it  is  not  an  instantaneous  flash  of  light,  but  a 
burning  streak  of  flame.  No.  6  clearly  shows  statified  lines 
near  its  lower  extremity,  although  in  this  case  the  camera 
was  rigid  at  the  time  of  the  discharge.  I  have  often  noticed 
the  flight  of  bats  during  a  thunder-storm,  and  have  caught 
during  what  was  apparently  a  single  discharge  of  lightning 
a  large  number  of  instantaneous  impressions  of  the  wings 
of  the  bat  in  different  positions  clearly  outlined  against  the 
sky. 

In  (11)  a  number  of  dark  branches  diverge  from  a 
light  main  stem.  Whether  this  effect  is  the  result  of  the 
reversal  of  the  image  upon  the  plate,  or  the  branches  repre- 
sent yellow  bands  of  light,  branching  from  ri  white  main 
stem,  is  an  open  question. 
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Hall  of  the  Franklin    Institute, 
Philadelphia,  December  16,  i8qi. 
Mr.  Jos.  M.  Wilson,  President,  in  the  chair. 

Present,  uS2  members  and  sixteen  visitors. 
Additions  to  membership  since  last  report,  twenty-six. 
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The  following  nominations  were  made  for  officers,  managers  and  mem- 
bers of  the  Committee  on  Science  and  the  Arts  : 

For  President,  (to  serve  one     year),  .    .  Jps.  M.  Wilson. 

f  Edward  Longstreth, 
1  S.  Lloyd  Wiegand. 
.  Wm.  H.  Wahl. 
.  Samuel  Sartain. 
f  Wm.  a.  Cheyxey, 
1  Francis  LeClere. 

For  Managers  (to  serve  three  years), 

Enoch  Lewis,  Persifor  Frazer, 

John  Lucas,  John  C.  Trautwine,  Jr., 

Wm.  H.  Thorne,  George  C.  Cresson, 

Edwin  J.  Houston,  Sam'l  P.  Sadtler, 

George  Burnham,  Jr.,  John  E.  Codman. 

For  members  of  the  Committee  on  Science  and  the  Arts  (to  serve  three  years), 

L.  L.  Cheney,  Samuel  Sartain,  Arthur  Church, 

J.  L.  Gill,  Jr.,  Wm.  H.  Thorne,  J.  M.  Emanuel, 

Carl  Hering,  S.  L.  Wiegand,  James  Christie, 

S.  R.  Marshall,  T.  C.  Smith,  J.  F.  Raskins, 

Wm.  McDevitt,  C.  M.  Cresson,  D.  E.  Crosby, 

c.  e.  ronaldson. 
Dr.  Herman   Mehner,  of  Berlin,  read  a  paper  on  a  plan  for  generating 
motive-power,  involving  a  new  methed  of  transforming  heat  into  mechanical 
energy.     The  paper  aroused  some  discussion,  and  was  directed  to  be  referred 
to  the  Committee  on  Publications. 

On  Mr.  Heyl's  motion,  the  subject  of  the  paper  was  also  referred  to  the 
Committee  on  Science  and  the  Arts  for  examination  and  report. 

Dr.  W.  G.  A.  Bonwill  read  a  paper,  a  description  of  a  novel  suggestion  of 
his  ov/n  in  connection  with  aerial  navigation. 

Mr.  J.  M.  Dodge  gave  a  brief  description  of  the  Holmes  lubricant  bearing, 
referring  for  its  claims  to  merit,  to  the  report  of  the  Committee  on  Science  and 
the  Arts  (see  this  Journal,  December,  1891).  Mr.  Dodge  concluded  his 
remarks  with  the  exhibition  of  a  varied  selection  of  specimens  of  the  bearing 
material. 

.Mr.  Eadweard  Muybridge,  whose  photographs  of  animal  movements 
have  attracted  great  attention,  addressed  the  meeting,  by  request,  on  the  sub- 
ject of  extending  his  work  to  the  investigation  of  the  mechanism  of  flight  in 
insects,  if  the  subject  should  appear,  as  seemed  to  him  probable,  to  promise 
useful  results,  especially  in  the  direction  of  the  paper  of  Dr.  Bonwill. 

The  remarks  of  Mr.  .Muybridge  gave  rise  to  considerable  discussion,  at 
the  close  of  which  .Mr.  Wiegand  moved  a  reference  of  the  subject  to  the  Com- 
mittee on  .Science  and  the  Arts,  to  report  upon  the  probable  value  of  such  an 
investigation  as  that  proposed  by  the  speaker.     Carried. 

Adjourned.  Wm.  H.  Wahl,  Sicretary. 
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BEARING    METAL  ALLOYS.* 


By  C.  B.  Dlulkv.  Ph.D., 
Chemist  to  the  Pennsylvania  R.   R.  Co. 


It  is  undoubtedly  well  known  that  what  in  technical 
language  is  called  a  "  bearing,"  is  a  piece  of  metal 
(usually  an  alloy)  which  lies  next  to  a  revolving  shaft 
or  axle,  or  other  revolving  part  of  machinery,  and  sustains 
the  load.  The  shape  of  the  bearing  may  be  such  as  to 
completely  inclose  the  revolving  shaft,  or  to  cover  only 
perhaps  one-third  of  it.  In  car  boxes  the  latter  is  true;  the 
bearing  rests  on  that  portion  of  the  axle,  which  is  techni- 
cally known  as  the  journal,  and  on  top  of  the  bearing  rests 
the  weight  of  the  car.  In  other  situations,  as  for  example 
in  the  case  of  crank-pins,  and  in  many  cases  with  shafting,  the 
bearing  metal  encircles  the  revolving  part,  and  has  only  as 

*  Abstract  of  a  lecture  delivered  before  the  Franklin  Institute. 
Vol.  CXXXni.  6 
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much  plav  or  space  between  it  and  the  revolving  part  as  is 
essential  for  smooth  running.  It  is  also  doubtless  well  known 
that  the  space  between  the  bearing  and  the  revolving  part, 
be  it  a  portion  of  the  axle,  or  of  the  crank-pin,  or  of  a  shaft,  is 
commonly  lubricated.  It  may  also  be  fair  to  add,  that  what 
is  commonly  known  as  a  **  hot  box  "  in  railroad  language,  is 
in  reality  a  hot  bearing  and  the  portion  of  the  axle  under- 
neath it. 

The  amount  of  metal  used  to  make  bearings  is  some- 
thing enormous.  To  my  knowledge,  one  large  corpora- 
tion uses  not  less  than  1,000,000  to  1,250,000  pounds  per 
year  of  bearing  metal,  and  it  can  readily  be  seen  why 
this  should  be  so,  from  knowing  that  each  bearing  weighs 
from  ten  to  fifteen  pounds,  and  that  each  car  has  not 
less  than  eight,  while  some  cars  have  twelve.  Also,  it  is 
not  at  all  uncommon  for  large  railroads  to  build  5,000  cars 
at  a  time,  which,  as  is  readily  seen,  means  500,000  pounds 
of  bearing  metal.  Still  farther,  it  is  a  fairly  good  bear- 
ing metal  that  will  not  lose  as  much  as  a  pound  of  its 
weight  in  a  single  bearing  for  every  25,000  miles  that  it 
goes  under  a  car ;  so  that  the  amount  of  new  metal  required 
to  make  up  the  loss  by  wear  is  something  enormous,  when 
the  total  car  mileage,  both  freight  and  passenger,  of  the 
United  States  is  taken  into  account.  I  have  never  seen  any 
positive  statement  as  to  the  amount  of  bearing  metal  used 
in  a  year  in  the  United  States,  but  the  above  considerations, 
in  addition  to  the  fact  that  bearing  metal  costs  all  the  way 
from  twelve  to  twenty  cents  per  pound,  will  show  that  the 
money  involved  in  bearing  metals  per  year  is  a  very  large 
figure. 

It  has  already  been  hinted  that  bearing  metals  are 
usually  made  out  of  alloys,  and  the  question  naturally 
arises  why  alloys  are  used.  Why  not  use  cast  iron,  or, 
indeed,  some  of  the  same  metal  of  which  the  journal  itself 
is  to  consist?  I  have  never  heard  any  entirely  satisfactory 
reason,  but  it  is  commonly  stated  that  a  bearing'  and  a 
journal  of  the  same  metal  do  not  work  well  together.  The 
wear  is  claimed  to  be  more  rapid,  and  the  friction  greater, 
when  both  the  bearing  and   the  journal  are  of  the  same 
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metal.  This  would  clearly  explain  why  it  would  not  be 
advisable  to  use  wrought-iron  or  steel  bearings.  The  same 
reasoning  would  not  quite  apply  to  cast  iron,  and,  indeed, 
it  is  well  known  that  in  certain  places  in  mechanics  cast 
iron  is  used  on  cast  iron,  and  also  cast  iron  is  used  as  a 
bearing  metal  where  the  journals  are  either  wrought  iron  or 
steel.  It  seems  fairly  probable,  however,  that  there  is  another 
reason  beside  the  one  already  hinted  at,  connected  with  the 
wear  and  friction,  why  alloys  are  so  largely  used  for  bear- 
ings, namely,  that  alloys  generally  have  a  very  much  lower 
melting  point  than  either  cast  iron  or  steel,  and  are  there- 
fore much  more  easily  manipulated  and  gotten  into  the  shape 
required.  Moreover,  there  is  still  another  reason  that  has 
been  urged  with  a  good  deal  of  force,  namely,  that  the 
journal  is  usually  much  more  valuable  than  the  bearing  ; 
that  is  to  say,  when  the  journal  has  worn  a  certain  amount, 
the  whole  axle,  crank-pin,  or  shafting  perchance,  must  be 
replaced,  so  that  the  actual  value  of  the  axle,  crank-pin  or 
shafting  is  represented  by  a  a  thin  layer  of  metal  at  the 
journal.  If,  now,  a  metal  is  used  as  bearing  metal  that 
increases  the  wear  of  the  journal,  the  total  loss  will  be 
much  greater  than  if  a  metal  is  used,  which  itself  wears 
away  rapidly,  but  allows  the  journal  to  wear  more  slowly. 
This  is  believed  to  be  the  case  with  alloys.  The  bearings 
themselves  are  easily  replaced,  the  journals  are  more  diffi- 
cult to  replace,  and^  are  much  more  expensive,  taken  as  a 
whole,  and  consequently  it  is  good  policy  to  use  for  a 
bearing  metal  something  which  will  take  the  wear,  rather 
than  have  it  appear  in  the  journals. 

It  may  not  be  amiss  to  state  what  mav  be  regarded  as  a 
good  bearing  metal.  There  mav  be  five  characteristics  of  a 
good  bearing  metal. 

(I)  The  bearing  must  hold  up  the  load.  It  is  doubtless 
well  known  that  in  railroad  practice,  the  pressure  per  square 
inch  on  the  bearing  metal  is  frequently  as  high  as  350  to 
400  pounds  per  square  inch,  and  consequently  it  is  absoln.tely 
essential  that  the  bearing  metal  should  be  of  such  a  nature 
that  it  will  sustain  this  pressure  without  distortion.  More- 
over, it  is  doubtless  well    known   that   in    ordinarv  railroad 
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practice,  when  the  journal  of  the  axle  becomes  somewhat 
worn,  and  it  becomes  necessary  to  put  on  a  new  bearing, 
there  is  not  a  perfect  fit  between  the  bearing  and  the  journal 
since  the  bearings  are  all  bored  to  the  same  radius,  it  being 
impossible  to  bore  them  for  all  possible  conditions  of  worn 
journals.  It  follows  that  the  bearing  only  touches  the  jour- 
nal theoretically  along  a  line,  but  actually  the  amount  of 
surface  involved  is  considerably  more,  and  as  most  bearings 
in  modern  practice  are  lined  with  a  coating  of  lead  about 
one-eighth  inch  thick,  it  is  only  a  short  time  before  a  good 
contact,  embracing  pretty  nearly  all  the  surface,  is  formed. 
But  it  is  clear  that  the  strain  introduced  in  the  bearing  when 
it  is  put  on  a  journal  somewhat  smaller  than  the  radius  to 
which  the  bearing  is  bored  has  a  tendency  to  break  the  bear- 
ing in  two  lengthways,  and  the  metal  must  therefore  be  of 
sufficient  strength  to  resist  this  strain.  Metallic  lead,  and 
indeed  many  of  the  white  metal  alloys,  consisting  of  lead 
and  antimony,  lead,  tin  and  copper,  etc.,  are  rarely  used,  so 
far  as  our  knowledge  goes,  in  car-journal  bearings  on  this 
account,  namely,  although  they  may  be  good  for  certain 
reasons,  they  are  hardly  sufficiently  strong,  nor  will  they  suffi- 
ciently well  hold  up  the  load  to  enable  successful  bearings 
to  be  made  of  them.  They  are  frequently  used,  however,  as 
linings,  from  one-eighth  to  possibly  one-quarter  or  three- 
eighths  inch  thick,  in  a  shell  of  stronger  metal.  Such  com- 
posite bearings  are  very  good,  but  their  superiority  over  a 
bearing  of  the  proper  kind  of  metal  does  not  seem  to  be 
sufficient,  so  far  as  my  knowledge  goes,  to  warrant  the 
trouble  of  making  the  composite  bearings. 

(2)  Another  requisite  of  a  good  bearing  metal  is  that  it 
does  not  heat  readily.  Upon  this  point  there  is  not  as  much 
information  as  could  be  desired.  I  have  known  of  experi- 
ments with  trial  bearings  in  which  three  out  of  four  heated 
within  the  first  day  or  two,  but  it  is  always  an  open  question 
as  to  whether  this  is  due  to  the  metal  or  some  other  con- 
comitants of  the  service.  It  is  also  known  by  actual  test  on  a 
large  number  of  bearings  that  the  old  copper-tin  bearing 
metal  of  seven  parts  copper  to  one  of  tin,  results  in  a  very 
much  larger  percentage  of  hot  boxes  than  some  of  the  alloys. 
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which  will  be  mentioned  later  on.  The  g"eneral  tendency  of 
all  the  information  which  is  at  hand  on  this  subject,  is  that 
the  harder  the  bearing  metal  is,  the  more  readily  it  will 
heat,  or  to  put  it  in  another  form,  the  softer  the  alloy  the 
less  liability  there  is  for  the  bearing  to  get  hot  in  service. 

(3)  Another  important  requisite  of  a  good  bearingmetal  is 
that  it  shall  work  well  in  the  foundry.  It  may,  perhaps, 
make  this  point  clear  if  I  explain  that  bearing  metal  is 
usually  melted  in  crucibles,  holding  from  100  to  500  pounds 
each,  the  crucible  being  placed  in  a  hole  made  for  the  pur- 
pose above  a  grate,  and  surrounded  with  burning  coal  or 
coke.  It  is  customary  to  cover  the  pot  with  the  bottom  of 
an  old  crucible,  and  to  spread  over  the  top  of  the  molten 
metal,  pounded  charcoal.  Yet  despite  these  precautions,  it 
is  very  common  for  the  metal  in  the  crucible,  during  the 
process  of  melting,  and  after  it  has  become  melted,  to  take 
up  large  quantities  of  oxygen  from  the  air,  forming  oxides 
of  the  metal.  When  this  takes  place  the  castings  made  from 
such  metal  are  always  more  or  less  spongy  and  inferior.  It 
should  be  stated  that  with  careful  foundry  practice,  namely, 
with  sufficient  care  in  the  melting  to  keep  the  metal  well 
under  pulverized  charcoal,  and  also  after  the  pot  is  taken 
from  the  fire  to  stir  it  thoroughly  with  pulverized  charcoal, 
adding  perhaps  a  little  bit  of  metallic  zinc,  this  difficulty 
can  be  largely  overcome,  but  with  a  foundry  where  a  large 
output  is  expected  every  day,  the  necessary  care  and  time 
to  secure  solid  castings  with  certain  alloys,  very  seriously 
interferes  with  the  work,  and  in  many  cases  cannot  be 
given,  so  that  from  the  foundry  standpoint,  it  is  highly 
important,  that  the  bearing  metal  used  should  be  such  a  one 
as  will  give  solid  castings  with  the  least  possible  effort  and 
care  in  the  foundry.  So  far  as  my  knowledge  goes,  two 
things  as  constituents  in  bearing  metal  lead  to  this  result : 
(i)  from  one  to  two  per  cent,  of  zinc  in  almost  all  the 
alloys  used  as  bearing  metal,  makes  it  much  easier  to  get 
sound  castings,  than  if  the  zinc  is  not  present;  (2)  the 
addition  of  a  small  amount  of  phosphorus  either  in  the  form 
of  phosphor-tin,  or  in  fact  in  the  form  of  any  of  the  phos- 
phorized  alloys  to  be  obtained  in  the  market,  is  always  vahi- 
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able  for  this  purpose.  The  latter,  namely,  the  phosphorus, 
is  to  our  minds  one  of  the  principal  elements  of  value  in  the 
well-known  alloy  "phosphor-bronze  bearing  metal."  It  is 
probably  bevond  question  that  with  ordinary  foundry  prac- 
tice a  verv  much  larger  percentage  of  sound  castings  will  be 
obtained  from  using  the  phosphor-bronze  bearing  metal, 
than  from  using  the  same  constituents  without  the  phos- 
phorus. 

(4)  A  good  bearing  metal  should  show  small  friction. 
Upon  this  point  it  ma}^  be. urged  that  the  friction  is  almost 
wholly  a  question  of  the  lubricant  used,  and  all  the  experi- 
ments that  I  haye  seen  confirms  this  view  to  a  greater  or 
less  extent,  namely,  that  the  largest  portion  of  the  friction 
between  a  bearing  and  a  journal,  is  a  function  of  the  lubri- 
cant used.  On  the  other  hand,  the  nature  of  the  bearing 
metal  does  certainly  have  an  influence,  and  a  good  bearing 
metal  is  one  which  makes  that  element  of  the  friction  depend- 
ing on  the  bearing  metal  as  small  as  possible.  I  do  not 
know  of  much  experimentation  on  this  subject.  Such 
experiments  are  extremely  difficult  to  make  on  account  of 
the  large  number  of  variables,  notably  temperature,  quantity 
of  oil  between  the  surfaces,  pressure,  speed,  relative  smooth- 
ness of  the  journal  and  bearing,  etc.  It  is  very  greatly  to 
be  desired  that  careful  experimentation  in  this  field  should 
be  made. 

(5)  It  is  extremely  important  that  a  bearing  should  give 
high  mileage  with  small  loss  of  metal  by  wear.  It  has 
already  been  stated  that  the  average  bearing  metal  used 
under  cars  loses  one  pound  for  every  25,000  miles  that  the 
bearing  goes.  Many  bearing  metals  wear  much  faster  than 
this,  and  some  slower,  but  other  things  being  equal,  no  one 
will  dispute  that  that  bearing  metal  is  best  which  wears  the 
slowest.  Some  data  on  this  point  will  be  given  a  little 
further  on. 

The  common  metals  from  which  alloys  are  made  for 
bearings  may,  perhaps,  be  enumerated  as  follows  :  Copper, 
tin,  lead,  zinc,  antimony,  iron  and  aluminium.  It  is,  of 
course,  possible  for  manganese,  silicon,  bismuth,  mercury, 
cadmium,  nickel,  cobalt,   sulphur,  arsenic   and  phosphorus 
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to  occur  either  as  essential  or  accidental  constituents  of 
bearing  metal  alloys.  The  last  two  are  not  rare,  and  are 
purposely  used.  The  combinations  of  these  are  quite 
numerous,  and  it  will  be  observed  that  the  possibilities  of 
combination  are  very  great.  There  is  not  only  the  different 
kinds  of  metal,  but  the  different  proportions.  During  my 
experience,  now  of  some  fifteen  years,  there  have  been 
analyzed  in  the  laboratory  of  the  Pennsylvania  Railroad 
Company,  a  good  many  bearing  metals  under  various  names, 
and  for  the  sake  of  record  some  of  these  analyses  are  given, 
as  follows : 

CAM  EL  I A    METAL. 

Prr  Cent. 

Copper, 70*20 

Tin 4-25 

Lead 1475 

Zinc,        I0-20 

Iron, o'55 

ANTI-FRICTIOX    METAL. 

Tin 9^"  1 3 

Copper I  60 

Iron trace 

WHITE    METAL, 

Lead, 87"92 

Antimony,  by  difference 1208 

METAL    FOR    LINING   CAR    BRASSES. 

Lead. 84-87 

Antimony.      i5*lo 

Tin trace 

SALGEE    ANT  I -FRICTION     MEIAL. 

Zinc, .        .                                 8557 

Tin 99* 

Copper.  .  401 

Lead,  .    .  115 

r;RArHiTE  bearing  metal. 
Lead.  .  6773 

Tin,  1438 

Antimony.  '^73 

Iron,  .    .        not  determined 

(iraphite none 
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ANTIMONIAL  LEAD. 

Per  Cent. 

Lead. 80  69 

Antimony,  by  difference, 1883 

CARBON  BRONZE. 

Copper, 75'47 

Tin 972 

Lead I4'57 

Carbon, ' possible  trace 

CORNISH    BRONZE. 

Copper 77*83 

Tin, 9'6o 

Lead, 12-40 

Zinc trace 

Iron, trace 

Phosphorus, trace 

DELTA    METAL. 

Copper, 92-39 

Tin, ' 2-37 

Lead, S'lo 

Iron, 0-07 

MAGNOLIA    METAL. 

Lead, 83-55 

Antimony,  by  difference, 16-45 

Traces  of  iron,  copper  zinc,  and  possibly  bismuth. 

AMERICAN   ANTI-FRICTION    METAL. 

Lead,      78-44 

Antimony 19-60 

Zmc, 098 

Iron, 0-65 

TOBIN    BRONZE. 

Copper, 59-00 

Zinc, 38-40 

Tin 2-i6 

Iron on 

Lead,      0-31 

GRANEY    BRONZE. 

Copper, 7580 

Uad 1506 

I'm,  9-20 

DAMASCUS    BRONZE. 

Copper 76-41 

Iin. io-6o 

I-cad.      1252 
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MANGANESE    BRONZE. 

Per  Cent. 

Copper, 90"  52 

Tin, 958 

Manganese none 

AJAX    METAL. 

Copper 81  24. 

Tin io'qS 

Lead 727 

Phosphorus  or  arsenic, 037 

ANTI-FRICTION    METAL. 

Lead, 8832 

Antimony '^'93 

HARRINGTON    BRONZE. 

Copper, 5573 

Zinc 42  67 

Tin 097 

Iron, o'68 

CAR    BOX    METAL. 

Lead 84-33 

Antimony, 1438 

Iron, 061 

Zinc trace 

HARD    LEAD. 

Lead, 94'40 

Antimony, 603 

PHOSPHOR  IJRONZE. 

Copper, 79' 1 7 

Tin 10  22 

Lead 961 

Phosphorus 094 

EX.   H  mp:tal. 

Copper, 7680 

Tin 800 

Lead 1500 

Phosphorus o  20 

It  will  be  understood  that  the  above  analyses  represent 
many  metals  offered  by  many  different  parties,  sometimes 
under  the  same  name.  These  "analyses  are  selected  from 
the  many  that  have  been  made  in  the  laboratory  of  the 
Pennsylvania    Railroad,  durinj^^  the  1  i<t    twelve  or  fifteen 


go  Dudley  •'  4  [J-  F.  L, 

years,  and  are  simply  put  on  record  for  whatever  value  they 
may  have.  It  will  be  observed  that  copper,  tin,  lead,  anti- 
mony and  zinc,  are  the  common  metals  used,  and  that  iron 
is  not  a  rare  constituent.  In  some  cases  where  there  were 
v^Tv  small  amounts  of  other  metals,  they  have  not  been 
determined,  and  sometimes  may  fairly  be  regarded  as 
impurities.  At  other  times  perhaps  they  are  essential  con- 
stituents. I  know  of  one  or  two  cases  where  this  latter  is 
claimed,  but  our  experiments  have  not  gone  far  enough  to- 
prove  whether  these  small  amounts  of  other  constituents 
are  of  value  or  not.  On  the  other  hand,  it  is  well  known 
that  a  small  amount  of  iron  imparts  to  a  copper-zinc  alloy 
quite  wonderful  properties.  In  the  case  of  the  so-called 
Harrington  bronze,  the  analysis  of  which  is  given  above, 
the  alloy  after  it  had  been  rolled,  actually  had  a  tensile 
strength  of  75,000  pounds  per  square  inch,  and  an  elongation 
of  about  20"oo  per  cent,  in  a  two-inch  section.  Quite  a  large 
number  of  other  alloys  have  either  been  examined  qualita- 
tively, or  put  on  trial  during  the  last  fifteen  years.  Alu- 
minium-bronze has  not  yet  been  tried,  but  it  is  now  under 
consideration. 

In  view  of  the  quite  large  number  of  metals  which  may 
be  used  to  make  alloys,  and  in  view  of  the  different  proper- 
ties which  result  from  different  proportions  of  these  metals 
in  the  same  alloy,  it  is  perhaps  not  strange  that  the  whole 
question  of  bearing  metals,  should  be  regarded  as  more  or 
less  uncertain.  What  ones  of  these  five  or  six  different 
metals  shall  be  combined  to  make  a  successful  bearing 
metal,  and  shall  we  use  them  all  in  the  same  alloy,  or  shall 
we  use  part,  and  more  important  than  all,  perhaps,  after  we 
have  decided  what  metals  shall  be  used  in  the  alloy,  what 
proportion  of  each  shall  be  used.  It  is  perhaps  not  too 
much  to  say  that  this  difficult  problem  cannot  be  regarded 
as  completely  worked  out  as  yet.  A  good  deal  has  been 
done  but  much  remains  to  be  done,  and  it  is  entirely  possi- 
ble that  future  knowledge,  as  the  result  of  careful  experi- 
ment, will  change  many  of  the  views  that  are  now  held  in 
regard  to  the  composition  of  bearing  metal  alloys. 

It  is  undoubtedly  entirely  natural  that  in  attempting  to 
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find  out  what  the  best  bearing"  metal  is,  the  ones  in  use 
should  be  taken  as  the  starting  point.  This  was  the  case 
with  the  experiments  that  have  been  conducted  on  the 
Pennsylvania  Railroad.  Most  people  are  aware  that  fifteen 
or  twenty  years  ago,  the  standard  metal  used  in  car  bear- 
ings, and  other  places  was  a  simple  copper-tin  alloy,  con- 
taining seven  parts  of  copper  to  one  of  tin.  Indeed,  some 
railroads,  if  I  am  rightly  informed,  and  some  builders  of 
machinery,  even  at  the  present  time  use  cannon  bronze,  or 
the  seven  to  one  copper  and  tin  alloy  as  bearing  metal.  It 
will  be  seen  as  I  proceed  that  we  regard  this  as  a  serious 
mistake ;  that  while  perhaps  we  do  not  know  what  the 
best  bearing  metal  is,  we  do  know  something  very  much 
better  than  the  copper-tin  alloy. 

It  will,  perhaps,  be  essential  to  describe  the  method  of 
experimentation,  before  proceeding,  to  show  what  modifica- 
tions in  the  copper-tin  alloy  have  been  made  use  of  in  try- 
ing to  throw  some  light  on  the  question  of  the  best  bearing- 
metal  alloy. 

The  method  in  all  cases  has  been  to  have  a  certain  num- 
ber of  bearings  made  of  a  standard  bearing  metal,  which 
will  be  described  later  on,  and  the  same  number  of  bearings- 
of  the  experimental  metal.  These  bearings  were  placed  on 
opposite  ends  of  the  same  axles,  either  on  locomotive  ten- 
ders or  on  cars,  one-half  of  the  standard  and  experimental 
bearings  being  on  one  side  of  the  car,  and  the  other  half 
being  on  the  other  side,  but  in  all  cases  a  standard  bearing" 
and  an  experimental  bearing  on  opposite  ends  of  the  same 
axle.  The  bearings  were  all  carefully  weighed  before  going" 
into  service,  and  after  a  sufficient  lapse  of  time  were  taken 
out  and  re-weighed.  At  first  an  attempt  was  made  to  give 
the  loss  of  metal  by  referring  it  to  the  mileage,  but  the 
method  of  comparison  was  ultimately  adopted,  as  giving 
results  free  from  any  possible  difficulties  introduced  by 
mileage,  so  that  all  the  results  which  we  obtained  are 
strictly  comparative. 

The  standard  bearing  metal  is  what  is  known  in  the  mar- 
ket as  phosphor-bronze  bearing  metal,  technicallv  described 
by  the  Phosphor-Bronze  Smelting  Company  as  tlv  " '^  P'-.n*- 
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ino;  Metal."  This  metal  contains,  approximately,  7970  per 
cent,  of  copper,  ten  per  cent,  of  tin,  9*50  per  cent,  of  lead,  and 
about  o'8o  per  cent  of  phosphorus.  It  is,  of  course,  a  fair 
question,  and  one  which  has  not  been  overlooked,  whether 
the  standard  bearing  metal  gives  uniform  wear.  A  large 
number  of  experiments  have  been  made  on  this  point,  the 
result  being  that  the  average  wear  of  standard  phosphor- 
bronze,  compared  with-  the  mileage,  is  best  expressed  by 
saying  that  the  phosphor-bronze  bearing  metal  loses  one 
pound  of  metal,  worn  off,  for  every  18,000  to  25,000  miles  of 
travel.  This,  it  will  be  observed,  shows  a  discrepancy  in 
the  wear  of  the  standard  phosphor-bronze  bearing  metal, 
and  this  fact  led  us  to  abandon  the  method  of  making  com- 
parisons by  mileage.  The  reasons  for  the  discrepancy  are 
not  hard  to  find :  (i)  The  pressure  per  square  inch  in  all 
tests  was  not  the  same,  and  consequently  the  wear  would 
not  be  the  same.  On  the  other  hand,  with  bearings  on  the 
opposite  ends  of  the  same  axle,  the  pressures  per  square 
inch  are  approximately  the  same.  (2)  The  state  of  the 
lubrication  in  different  cars  and  engines,  which  is  more  or 
less  characteristic  of  different  parts  of  the  road,  is  a  very 
important  variable,  and  undoubtedly  goes  far  towards 
explaining  the  differences  in  mileage  above  given.  This 
variation  in  the  state  of  lubrication  is  not  so  apt  to  be  char- 
acteristic of  opposite  ends  of  the  same  axle,  as  it  is  of  differ- 
ent cars  and  locomotives.  I  am  inclined  to  think,  therefore, 
that  the  assumption  that  standard  phosphor-bronze  is  suf- 
ficiently uniform  in  its  behavior  to  warrant  its  being  used 
as  the  basis  of  comparison  will  not  lead  us  into  serious 
error,  at  least  if  we  confine  ourselves  to  a  direct  comparison 
of  the  loss  of  metal  obtained  from  standard  bearings  on  one 
end  of  the  axles  and  experimental  bearings  on  the  other 
end  of  the  same  axles.  Usually  sixteen  bearings  of  each  kind 
were  put  in  service  as  a  preliminary  experiment,  and  if  the 
metal  proved  at  all  favorable  on  this  preliminary  trial,  a 
larger  trial,  embracing  fifty  or  100  bearings  of  each  kind,  was 
put  in  .service.  The  preliminary  trials  were  usually  made 
on  locomotive  tenders,  where  the  bearings  get  the  best  pos- 
sible care.     The  larger  trials  were  more  commonly  made  on 
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cars.  Of  course,  owing  to  the  exigencies  of  the  service,  it 
sometimes  happened  that  some  of  the  bearings  put  in  use 
were  not  returned  to  be  weighed.  This  was  more  true 
where  bearings  became  heated,  and  were  removed  at  differ- 
ent points  along  the  line,  than  at  the  regular  inspection 
points.  Whenever,  from  any  cause,  a  bearing  was  missing, 
its  opposite  was  not  taken  into  account,  so  that  in  reality  in 
the  results  given  the  comparisons  are  strictly  between  the 
same  number  of  standard  and  experimental  bearings  on 
opposite  ends  of  the  same  axles.  Sometimes  as  high  as 
one-half  the  bearings  in  an  experimental  lot  would  be  lost. 
In  other  cases  nine-tenths  would  be  Returned. 

\_To   be  continued.'] 


EXPERIMENTS  made  to  ASCERTAIN  the  SPECIFIC 

VOLUMES  OF  THE  SATURATED  VAPORS  OF  WATER,  HISUL- 
PHIDE  OF  CARBON,  AND  ETHER,  TOGPHHER  WITH  \  ARIOUS 
MEASURES  CONCERNING  THE  LATTER  ;  ALSO  THE  DETERMI- 
NATION FROM  THE  EXPERIMENTAL  DATA  THUS  OliTAINEIi 
OF   THE    MECHANICAL    E()l^IVALFNT   OF    HFAT. 


BV    A.     I'lCRUT. 


Translated  by  Chief  Engineer  Isherwood,  U.  S.  Navy. 


[.-/  thesis  prtsetitcd  to  the  Faculty  of  Sciences  of  Paris.] 


\_Concluded  from  p.  6SP\ 

Second  Method.  — I  shall  show  the  principle  of  this  method 
by  describing  an  imaginary  experiment  with  it. 

vSuppose  a  receptacle  ./  (Fig-  s),  of  known  capacity  put  in 
communication  by  means  of  the  cock  A'  with  a  reservoir  B 
containing  some  liquid,  and  by  means  of  the  cock  A*',  either 
with  a  pneumatic  machine  or  with  the  atmosphere.  The 
apparatus  having  been  raised  to  a  certain  temperature,  and 
a  vacuum  made  in  J,  if  the  cock  A'  be  opened,  the  cock  A*' 
remaining  closed,  A  will  be  filled  with  saturated  vapor,  owing 
to  the  presence  of  the  liquid  continuing  in  />'.      If  A'  be  now 
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closed  a  known  volume  of  saturated  vapor  will  be  isolated. 
Through  the  cock  R',  and  by  the  aid  of  the  pneumatic 
machine,  draw  out  this  vapor  over  absorbents  placed  between 
the  cock  and  the  machine.  Knowing  the  volume  of  the 
receptacle  A,  and  the  increased  weight  of  the  absorbent 
tubes,  which  increase  is  the  weight  of  the  vapor  that  occu- 
pied the  space  A,  there  can  be  obtained  by  dividing  the 
one  into  the  other  the  specific  volume  of  the  saturated  vapor. 
This  method  easily  allows  repetition  of  the  trials,  for  there 
could  be  accumulated  in  the  absorbent  tubes  the  vapor  cor- 
responding to  any  number  of  trials,  for  which  purpose  there 

•        Fig.  5. 


would  only  be  required  to  make  anew  the  vacuum  in^,  and 
recommence  the  operation  in  the  same  manner  as  before. 
To  realize  the  method  just  described,  I  employed  the  fol- 
lowing apparatus  (Fig.  6) :  A  pot-shaped  boiler  of  a  little 
more  than  one  litre  capacity  being  closed  by  a  bronze  cover, 
constitutes  the  space  A.  The  reservoir  B  forms  part  of  the 
cover  and  projects  downward  into  the  boiler,  its  temperature 
being  consequently  exactly  the  same  as  that  of  the  boiler;  it 
is  fastened  by  screws.  The  cocks  R  and  R\  which  are  the 
analogues  of  those  having  the  same  letters  in  the  preceding 
figure,  are  packed  cocks  having  their  stuffing  boxes  filled 
with  mixed  cork  and  talc  to  avoid  any  trace  of  grease;  for 
this  purpose,  too,  all  the  joints  are  made  with  lead.     The 
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boiler  is  plung-ed  into  a  water-bath,  where  it  is  supported 
upon  points  and  held  fixed  so  as  not  to  move  when  the  cocks 
are  turned.  The  entire  interior  is  gilded  so  as  to  certainly 
avoid  any  attack  of  the  metal  by  the  vapor  or  the  liquid,  by 
presenting- a  continuous  surface  of  a  homogeneous  metal  but 
little  liable  to  be  affected.* 

The  following  is  the  manner  of  making  an  experiment  on 
ether  [Ftg.  5)  .• 

Fig.  6. 


From  a  central  point  of  junction  /  there  goes  a  tube  M 
containing  the  absorbents  T^and  uniting  with  the  cock  A". 
Also  the  tube  N  uniting  with  the  mercurial  pneumatic 
machine.  Also  the  tube  O  uniting  with  the  Carre  machine. 
Finally,  the  tube  P  united  by  its  end  to  a  series  of  tubes  7"', 
destined  to  arrest  the  atmospheric  carbonic  acid  and  aqueous 
vapor.  These  tubes  contain  two  pots  of  caustic  potash,  two 
pots  of  sulphuric  acid,  four  large  tubes  with  sulphuric 
pumice,  a  column  of  anhydrous  potassa  of  about  thirty  cen- 
timetres, and    a  column  of  the   same  length  of  phosphoric 

This   apparatus  was  constructed  with  great   perfection  by  Mr.  Ducretet. 
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acid.  A  last  tube  Q  allows  the  space  A  to  be  put  in  direct 
connection  either  with  the  mercurial  machine  or  the  Carre- 
machine,  without  passing  through  the  series  of  tubes  T. 

The  absorbent  tubes  that  I  have  employed  for  the  vapor 
of  ether  are,  commencing  at  the  boiler,  the  following :  from 
two  to  four  Liebig  tubes  containing  pure  sulphuric  acid 
for  absorbing  the  vapor,  a  tube  with  lime  mixed  with  some 
soda  for  absorbing  the  sulphurous  acid  which  might  be  dis- 
engaged by  the  action  of  the  sulphuric  acid  on  the  ether,  a 
tube  of  sulphuric  pumice  preceding  two  tubes  of  phosphoric 
acid  destined  to  serve  as  witness  tubes.  One  of  these  tubes 
at  least  ought  not  to  vary  in  weight.  The  mass  of  ether 
absorbed  has  been  calculated  from  the  increase  in  the  weight 
of  all  the  tubes  comprised  between  the  cock  R'  and  the  first 
of  the  tubes  of  phosphoric  acid,  which  latter  has  not  varied 
in  weight. 

As  an  example,  the  following  are  the  results  of  an  experi- 
ment comprising  two  tubes  of  sulphuric  acid  : 

Xo.  of  Tube.  Name  of  Absorbent.  Gain.  Loss 

grams. 

1,  .  .  .  Sulphuric  acid,     .    .    .    .    = 2*56625  o 

2,  .  .  .  Sulphuric  acid, ,  0*0070  o 

3,  .  .  .  Lime  mixed  with  some  soda 0*0030  o 

4,  .  .  .  Sulphuric  pumice o'oooo  o 

5,  .  .  .  Phosphoric  acid, 0*0000  o 

Mass  of  ether  absorbed,  2*5762  grams. 

As  shown  above,  the  ether  is  absorbed  almost  integrally 
in  the  first  acid  tube,  at  least  when  the  acid  is  newly  pre- 
pared, as  was  the  case  in  the  experiment  cited ;  the  acid 
should  be  changed  with  each  experiment  because  after 
being  once  used  it  disengages  sulphurous  acid,  a  perturba- 
tion that  should  be  avoided. 

I  have  said  that  with  this  apparatus  a  method  of  repeti- 
tion could  be  employed,  nevertheless,  I  have  limited  myself 
to  one  time  only,  because  in  a  single  simple  experiment  last- 
ing about  four  hours,  the  disengagement  of  sulphurous  acid 
which  I  have  mentioned  above  commences  at  the  close  of 
the  .second  experiment,  and  I  considered  prudence  required- 
it  to  be  avoided,  notwithstanding  the  presence  of  the  lime 
and  soda. 
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The  following  is  the  manner  of  making  the  experiment: 
I  raised  the  water-bath  to  the  desired  temperature  and 
maintained  it  constant  as  nearly  as  possible  for  exactly  an 
hour ;  in  general,  the  variations  did  not  exceed  y^^°.  Divring 
this  time  I  made  a  vacuum  in  the  boiler  by  means  of  the 
tube  (2,  so  that  the  pressure  of  the  air  therein  did  not  exceed 
one  millimetre  of  mercury ;  this  done,  I  closed  the  cock  A" 
and  opened  R  progressively.  I  left  the  boiler  in  communi- 
cation with  the  vapor  generator  B  about  an  hour  when  I 
closed  cock  R  and  opened  A''.  I  made  by  means  of  the  Carre 
machine  the  vacuum  very  slowly  in  the  absorbent  tubes. 
When  the  pressure  was  not  more  than  3*5  centimetres  of 
mercury,  I  interrupted,  by  manipulating  the  cocks,  the  com. 
munication  of  the  apparatus  with  the  pumps,  and  I  allowed 
to  enter  very  slowly  the  air  purified  by  passing  through  the 
tubes  T' .  Equilibrium  having  been  established  with  the 
atmosphere,  I  re-made  the  vacuum — always  to  3'5  centi- 
metres— and  allowed  the  air  to  reenter,  and  so  on  ;  in  everv 
experiment  I  made,  the  air  was  let  in  four  times,  and  con- 
sequently the  vacuum  was  made  five  times. 

The  quantity  of  air  thus  remaining  jn  the  boiler  is  negli- 
gable.  If,  in  fact,  there  be  admitted  that  in  an  approxi- 
mate calculation  the  law  of  ^lariotte,  and  the  law  of  the 
mixture  of  gases,  can  be  applied  to  the  vapor  and  to  the  air, 
the  successive  weights  of  vapor-,  r,,  z^,  etc.,  contained  in  the 
boiler  will  be  proportional  to  the  successive  pressures  //,  //,,  //j. 
etc.,  of  this  vapor.  The  ratio  of  one  of  these  pressures  to  the 
preceding  being  the  ratio  to  the  atmospheric  pressure  of 
the  pressure  remaining  in  the  apparatus  when  the  communi- 
cation with  the  pump  is  interrupted;  that  is  to  say,  ?,;''  or 
about  one-twentieth,  we  should  have 

^2  _  ^  _  '3  ^ '*.  _  I  ^^^a  ^^_  (-U=  — ^ 

-         r,         t:^        z^         20  z        V  20/  160000 

a  quantity  absolutely  negligable. 

(laugin^. — The  principal  difHculty  of  these  experiments  is 
in  the  gauging  of  the  capacity  A.  Two  processi'^  havr  lujrn 
followed  for  that  purpose. 

(i)  The  determination  of  the  mass  of  the  distilled  water 
Vol.  CXXXIII.  7 
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that  fills  the  boiler  at  the  temperature  of  30°,  which  was  the 
temperature  of  the  experiments. 

(2)  The  determination  of  the  mass  of  pure  carbonic  acid 
contained  therein  under  known  conditions  of  pressure  and 
temperature. 

Gauo-iuir  zvitJi  Water. — The  cover  of  the  boiler  is  lifted 
and  about  500  cubic  centimetres  of  distilled  water  are  put 
therein,  then  the  cover  is  replaced  and  the  water  is  boiled 
for  a  considerable  time,  the  evacuating  tube  previously 
plunged  into  the  water  being  maintained  hot.  The  boiler 
is  thus  filled  in  the  same  manner  as  a  thermometer.  At  the 
end  of  about  an  hour  the  whole  apparatus  is  raised  to  the 
temperature  of  30*^,  when  the  two  cocks  are  opened.  The 
cover  is  then  cautiously  removed  and  the  water,  taken  out 
by  a  pipette,  is  received  in  a  vessel  previously  tared.  The 
sides  are  carefully  dried  by  absorbing  paper  tared  with  the 
vessel,  and  the  vessel  and  the  paper  are  placed  upon  the  scales. 
Two  successive  operations  thus  gave  ii36*5o  and  1137*13 
cubic  centimetres  :  they  are  the  largest  numbers  obtained. 
As  the  sole  errors  that  can  be  made  arise  from  bubbles  of 
air  in  the  interior,  or  from  a  leak  of  water,  and  would  con- 
sequently be  errors  of  deficiency,  the  largest  determinations 
must  be  considered  as  the  nearest  exact. 

I  have  taken  for  the  value  of  the  volume  the  mean  of 
the  two  preceding  determinations,  namely  1136*90  cubic 
centimetres. 

(latiging  ivith  Carbonic  Acid.^The  carbonic  acid,  which 
should  be  perfectly  pure,  cannot  be  obtained  by  the  ordi- 
nary processes  as  they  always  furnish  it  with  a  mixture  of 
air.  It  was  produced  by  the  reaction  of  a  solution  of  pure 
carbonate  of  soda  freed  of  air,  on  pure  sulphuric  acid  spread 
out  and  also  freed  of  air.  The  solution  of  carbonate  of 
soda,  contained  in  a  balloon,  fell  drop  by  drop,  by  means  of 
a  siphon  fitted  with  a  cock,  into  a  large  balloon  containing 
the  sulphuric  acid.  The  two  ends  of  the  siphon  were  drawn 
out  and  rjcurved  in  such  a  manner  that  each  of  the  two 
liquids  could  be  boiled  without  causing  it  to  prime.  The 
carbonic  acid  produced  passes  first  into  a  small  balloon 
containing  a  little  sulphuric  acid  for  absorbing   the  water 
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vaporized  durini^  the  boiling  of  the  extended  sulphuric 
acid,  thence  the  gas  passes  into  a  vessel  through  sulphuric 
acid,  and  traverses  four  tubes  of  sulphuric  pumice.  The 
apparatus  can  operate  about  ten  hours  without  need  of 
renewing  the  liquids.  All  the  evacuating  tubes  were  cut 
true  and  level  with  the  stoppers,  so  that  they  had  no  reen- 
tering angles.  I  assured  myself  that  a  litre  of  carbonic  acid 
contained  at  the  moment  of  the  trial  only  about  thirty 
cubic  millimetres  of  gas  not  absorbable  by  the  potassa, 
which  gas  was  probably  hydrogen  derived  from  the  action  of 
the  sulphuric  acid  upon  some  traces  of  organic  matter. 

I  allowed  the  gas  to  pass  freely  during  six  or  seven  hours 
into  the  boiler  with  a  moderate  speed,  at  the  end  of  which 
time  it  contained  on  leaving  the  apparatus  only  the  traces 
of  other  gas  just  described.  I  now  closed  the  receiving 
cock  and  left  the  interior  of  the  apparatus  for  some  instants 
in  communication  with  the  atmosphere  by  means  of  a  long 
tube  filled  with  carbonic  acid ;  then  I  closed  the  second 
cock  and  operated  exactly  the  same  as  for  density  of  vapor. 

The  absorbent  tubes  employed  were  four  tubes  of  caustit 
potash,  one  tube  of  lime  mixed  with  some  soda,  one  tube  of 
sulphuric  pumice,  and  two  tubes  of  phosphoric  acid. 

The  following  are  the  results  given  by  two  experiments: 

Temperature.  Height  of  Acid  Ahaorhi'd.  I'ulume. 

Degrees  Grams.  Cubic  Centtmetres. 

3092  1*9930  1136-13 

3090  1*9928  I  I  36  05 

Mean,  1 136*09  cubic  centimetres. 

a  value  very  near  that  which  I  had  found  in  operating  with 
water,  because  the  boiler  having  been  compressed  0012 
centimetre,*  its  volume  was  diminished  0*9  cubic  centi- 
metre. 

*The  fraction  of  a  millimetre  was  ascertained  by  the  following  artifice: 
I  always  made  sure  that  the  cover  was  parallel  to  the  flange  of  the  boiler  by 
inserting  a  brass  wedge  between  them  all  around  so  as  to  be  in  exact  contact 
at  the  same  distance  from  the  back  of  the  wcilge.  Hy  doing  this  before  and 
after  the  cover  was  screwed  up,  I  obtained  the  thickness  of  the  wedge  at  the 
edge  of  the  cover  for  the  two  times,  the  difference  between  which,  observed 
through  a  microscope,  gave  0*012  centimetres  for  the  value  of  the  correction 
to  be  made. 
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The  following  are  the  results  obtained  for  the  specific 
volume  of  the  saturated  vapor  of  ether,  in  operating  from 

2/       to  j5      . 

Temperature. 

Degrees.  Specific  Volume.  Observations. 

2766  441*3 

2860  423*9 

29375  410*4 

2972  405*1 

30*02  399*9  Double  experiment. 

31-50  377"2 

34-12  351-2 

In  comparing  these  numbers  with  those  I  obtained  by 
the  first  method,  I  have  found  a  complete  accordance.  For 
example,  the  two  first  experiments  made,  one  at  30°  (first 
method),  the  other  at  30°"02  (second  method),  gave,  the  one,, 
400  cubic  centimetres,  the  other,  399*9  cubic  centimetres,  as 
the  value  of  the  specific  volume. 

This  accordance  gives  an  almost  absolute  certainty  that 
the  two  methods  do  not  contain  any  errors  of  system,  for 
the  apparatus  were  very  different.  In  the  one,,  the  vapor  is 
in  contact  with  a  glass  surface,  and,  in  the  other,  it  is  in 
contact  with  a  golden  surface.  Had  there  been  any  sensi- 
ble action  by  the  surface,  it  is  more  than  probable  that  it 
would  have  varied  with  the  kind  of  surface.  This  is  the 
most  important  justification  of  the  two  processes ;  it 
authorizes  me  to  consider  the  numbers  found  as  exact,  and 
to  apply  them  to  the  calculation  of  the  mechanical  equiva- 
lent of  heat. 

I  stated  at  the  commencement  of  this  memoir,  that  Her- 
wig  thought  a  relation  existed  between  the  density  of  dry 
vapor  and  the  density  of  saturated  vapor.  To  show  within 
what  limits  such  an  hypothesis  is  admissible,  there  suffices 
to  cite  the  numbers  deduced  from  my  experiments  for  the 
value  of  the  constant  C  in  his  formula 

PV  =:  CP,  V,  VT 
or 

\  —  CAVl 


Feb.,  1892.]            Mechanical  Equivalent  of  Heat.  lOI 

in  which  PJ\Ji  relate  to  the  saturated  vap(jr,  and  P,  V,  J 
relate  to  the  dry  vapor  : 

Temperature. 

Name  0/ Liquid.                                                     Defrrees.  C. 

r  68'2  0-0527 

88-6  0-0525 

Water .j     9^'^  °'°526 

99-1  0-0528 

99'6  00527 

101-5  0-0526 

f    30-0  00428 

Ether i     57-9  0-0551 

I     85-5  0-0583 

[  110-5  0-0609 

For  the  vapor  of  water  the  accordance  is  sufficient;  but 

for  ether  C  varies  in   an   interval  of  80°  nearly  half  of  its 
value  at  30°. 


CHAi'TKR  11. 

Determination  of  the  Wiltie  of  the  Mechanical  Equivalent  of  Heat. 

By  applying  to  a  mixture  of  a  liquid  with  its  vapor  the 
principle  of  the  equivalence  and  the  principle  of  Carnot,  a 
relation  is  obtained  which  can  also  be  deduced  from  the 
equation  of  Thomson:  it  is, 

dT    .  I      ;   ,     r  X  (l/> 

dt  E  ^  clt 

This  relation  contains  one  independent  variable  /,  the 
Centigrade  temperature;  four  quantities,  functions  of  this 
temperature,  specific  to  the  substance  to  which  the  relation 
is  applied;  L  the  heat  of  vaporization,  //'  and  //  the  specific 
volumes  of  the  vapor  and  of  the  liquid,  p  the  pressure ;  the 
absolute  temperature  7\  and  a  constant  E,  the  mechanical 
equivalent  of  heat. 

If  rbe  supposed  represented  by  the  expression, 

(273  +  0.  'Z 

(t-l 

becoming  the  unity,  and  if,  for  any  particular  value  of  /, 
there  be  introduced  into  the  relation  the  system  of  values 
corresponding  to 

/.,  //',  n  and  ' ' 
lit 


I02 


Perot-IsJicrzvood . 


[J.  F.  1.. 


it  will  contain  no  other  unknown  than  E,  and  could  be 
regarded  as  an  equation  permitting  the  determination  of 
that  quantity. 

For  a  certain  number  of  substances,  and  particularly  for 
water,  ether  and  the  bisulphide  of  carbon, 


L  and 


dp 
dt 


have  been  measured  at  different  temperatures  by  Regnault 
and  represented  by  empirical  formulae :  ti  has  been  deter- 
mined by  other  experimenters,  and,  finally,  I  have  measured 
//'  for  these  substances  at  certain  temperatures;  I  am  then 
able  to  calculate  E,  and  the  following  are  the  results : 


Xanie  of  Liquid. 


Temperature.     Mechanical  Equiva- 


Water, 


Ether 

Bisulphide  of  carbon,  . 


Degrees. 

68-20 
88-60 

98"  ID 
99*60 

ior5o 
57-90 
85-50 

1 10-50 
84-60 


r 


lent  of  Heat. 
4246 

423'3 
424-1 

423*9 
423*9 
424-2 
424-0 
424*0 
424-5 


Mean. 

423'9S 

424-07 
424-50 


The  accordance  between  the  different  numbers  of  this 
table  is  as  satisfactory  as  possible,  if  there  be  considered 
that  they  are  derived  from  numerical  data  obtained  by 
three  experimenters  on  different  specimens  of  the  substances, 
and  that  the  presence  of  impurities  often  difficult  to  remove, 
escaping  even  chemical  reactions,  can  profoundly  modify 
the  physical  properties  of  substances. 

In  order  to  avoid  this  cause  of  error,  I  proposed  to 
determine  for  the  same  specimen  of  the  substance  the  four 
quantities 

dp 


u. 


dt 


,  L  and  u' 


entering  into  the  preceding  relation.  Endeavoring  to  obtain 
the  value  of  the  closest  possible  approximation  to  the 
mechanical   equivalent  of  heat,  I  ought  to  place  myself  in 
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the  best  experimental  conditions  for  diminishing  as  much 
as  I  conld  the  errors  that  may  have  been  committed  in  the 
determination  of  these  quantities.  It  seemed  to  me  that 
in  the  neighborhood  of  30",  these  measures  could  relatively 
be  made  without  difficulty  for  ether ;  further,  this  sub- 
stance is  easily  obtained  and  preserved  pure  ;  I  have  conse- 
quently chosen  ether  at  30^,  and  endeavored  to  obtain  as 
exactly  as  possible  the  values  of  the  four  specific  constants 

//,    ^  "  ,  L  and  n' , 
dt 

by  operating  on  a  single  specimen  of  this  substance. 

I  will  now  rapidly  describe  the  methods  employed,  and 
then  present  combined  under  a  single  heading,  the  interpre- 
tation of  the  different  results  obtained. 

Purification  of  the  Ether. — Two  litres  of  purified  ether 
were  placed  during  two  months  in  contact  with  sodium, 
then,  after  all  disengagement  of  gas  had  ceased,  I  care- 
fully distilled  this  liquid  in  contact  with  newly  cut  sodium, 
and  thus  obtained  about  700  cubic  centimetres  of  a  liquid 
the  whole  of  which  distilled  rigorously  at  the  same  temper- 
ature, and  in  which  the  freshly  cut  sodium  remained  intact 
during  ten  days.  At  the  end  of  that  time  it  showed  a  slight 
alteration,  due,  doubtless,  to  the  absorption  of  the  aqueous 
vapor  of  the  atmosphere  by  the  anhydrous  ether  during  the 
necessary  manipulations  of  the  experiment. 

Measure  of  the  Specific  Volume  of  Liquid  Either  and  of  its 
Coefficient  of  Dilatatio^i  at  jo°. — The  method  employed  is 
derived  from  the  method  of  the  stem  thermometer. 

I  constructed  with  a  thermometric  tube  whose  stem  was 
graduated  into  equal  lengths,  a  mercurial  thermometer 
wliich  I  compared  between  20°  and  50^  with  a  standard 
Baud  in  thermometer  and  afterwards  with  a  thermometer 
that  I  had  previously  compared  with  an  air  thermometer. 
From  these  comparisons  I  deduced  the  value  in  degrees  of 
each  division,  and  constructed  a  trace  by  taking  for  abscissae 
the  numbers  corresponding  to  each  division  of  the  ther- 
mometer for  equal  weights,  and  for  ordinatcs  the  values  of 
these  divisions.     Tlie  trace   thus  obtaiaed   was   a    straight 
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inclination  to  the  axis  of  the  divisions  ;  I  established  by 
this  process  that  the  tube  was  regularly  conical.  In  applying- 
the  method  of  least  squares  to  the  results  found,  I  have 
obtained  for  the  value  of  one  division  in  degrees  the  formula 

.r  =  0-6425  -}-  (120  —  u)  0-50034 

?i  being  the  division  read. 

The  weight  of  mercurv  contained  in  the  reservoir  and  in 
the  stem  up  to  division  57,  was  22-6090  grams,  the  weighing 
being  done  in  a  manner  that  rendered  it  certain  within 
0-0003  gram;  the  volume  of  that  part  at  0°  was  then 
1*67166  cubic  centimetres,  the  first  five  figures  being  exact, 
and  the  volume  of  division  120,  0-0001977  cubic  centi- 
metres. I  had  supposed  the  coefficient  of  the  dilatation  of 
the  glass  equal  to  0-000025  ;  but  in  order  to  assure  myself 
of  its  accuracy,  1  weighed  a  column  of  mercury  comprising 
fifty  divisions  and  found  0-0099  gram  to  nearly  one-tenth  of 
a  milligram,  then,  as  this  weight,  calculated  according  to 
the  data  above  given,  should  have  been  between  0*0100  and 
0-0099  ^ram,  the  agreement  was  satisfactory. 

This  gauging  done,  I  emptied  the  mercury  out  of  the 
thermometer  and  introduced  the  ether,  after  which  I  com- 
pared the  thermometer  anew  with  the  standard.  From 
this  comparison  I  have  deduced  the  coefficient  of  dila- 
tation between  29°  and  31°,  and  find  it  0*0017524.  The 
thermometer  filled  with  ether  was  jweighed,  then  emptied, 
refilled  and  weighed  again.  The  two  weights  of  the  con- 
tained ether  were  1*2466  and  1*1755  grams,  which  give  for  the 
density  the  values  0*7035  and  0*7025  ;  the  mean  of  these 
determinations,  0*7030,  has  been  taken  for  the  value  of  the 
density.     The  specific  volume  is  1*422  cubic  centimetres. 

Mtasiire  of  '  . — Two  methods  have  been  employed  to  measure 


dt 


dp 
It 


(11  that  which  consists  in  measuring  the  tension  of  vapor 
p  at  different  temperatures  for  the  purpose  of  representing 
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empirically  the  value  of/  by  a  formula,  and  to  deduce  from 
it  the  first  differential  coefficient 

dp 
dt 

(2)  a  particular  method  allowing  the  direct  determination  of 


dp 
dt 


which  will  be  described  in  the  second  place. 

First  Method.-^Th.Q:  method  employed  for  measuring  the 
tension  of  vapor  is  the  method  by  boiling.  The  apparatus 
— entirely  of  glass — is  composed  of  a  balloon  of  about  100 
cubic  centimetres  capacity,  containing  the  ether;  a  Gernez 
gas  bell  to  facilitate  and  regulate  the  ebullition  was  placed 
in  the  balloon.  A  thermometer  A  divided  into  tenths  of  a 
degree  was  immersed  in  the  vapor  immediately  above  the 
liquid.  The  neck  of  the  balloon  was  soldered  laterally  to 
an  upward  Liebig  refrigerator  whose  free  extremity  com- 
municated with  a  large  balloon  of  a  score  of  litres  capacity 
placed  in  a  water-bath  of  constant  temperature.  To  one 
part  of  this  reservoir  was  attached  the  manometer  of  the 
Joly  air  thermometer,  graduated  on  ice  in  such  a  manner 
as  to  avoid  the  errors  of  parallax  without  necessitating  the 
use  of  a  cathetometer ;  and  to  another  part,  by  means  of  a 
hermetically  sealed  tube,  was  attached  a  machine  for  rare- 
fying the  gas.  The  apparatus  had  only  two  cork  stoppers, 
the  tightness  of  which  was  assured  by  means  of  mercury. 
The  balloon  containing  the  ether  was  half  immersed  in  a 
large  water-bath,  .so  as  to  prevent  the  radiation  upon  the 
thermometer  of  the  flame  that  had  been  placed  directly 
beneath  the  balloon.  The  temperature  of  the  thermometer 
A  depended  upon  three  quantities :  the  radiation  A*  of  the 
water-bath  upon  the  thermometer,  the  radiation  A"  of  the 
thermometer  on  external  cooler  objects,  and  the  heating  or 
cooling  of  the  thermometer  by  the  action  of  the  vapor  into 
which  it  was  immersed.  If  A  is  less  than  A",  the  cooling  of 
the  thermometer  is  compensated,  at  least  in  part,  by  the 
liquefaction  of  the  vapor;  if,  on  the  contrar>'.  A'  is  greater 
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than  A",  the  thermometer  can  only  be  cooled  by  the  convec- 
tion of  the  vapor,  a  much  less  powerful  action  than  lique- 
faction. To  show  how  the  temperature  of  the  thermometer 
A  varies  with  that  of  the  water-bath,  I  placed  a  thermome- 
ter B  in  the  latter  and  observed  the  two  instruments  simul- 
taneously while  increasing,  from  five  minutes  to  five  minutes,. 
the   temperature  of  the  water-bath    i°.     The  trace  {Fig.  7) 


Fig.  7. 
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obtained  by  taking  for  abscissae  the  indications  of  B,  and 
for  ordinates  those  of  A,  shows  a  horizontal  part  corre- 
sponding to  a  variation  of  about  4°  of  the  temperature  of 
B ;  this  is  the  constant  temperature  that  has  been  taken 
for  the  boiling  temperature ;  the  trace,  previous  to  that 
part  very  little  inclined  by  reason  of  the  reheating  power 
of  the  liquefaction,  rises  rapidly  afterwards  because  the 
effect  of  the  radiation  is  no  longer  counterbalanced  by  that 


Feb.,  1892.]  Mechanical  Equivalent  of  Heat. 


10: 


of  the  convection.     The  following  are  the  numbers  obtained 
during  an  experiment : 

/>'.  •   31    32    33    34    35    36    37    38    39 
-/,  .  27*60  27*65  27*68  27*70  27*70  27*70  2770  2800  2850 

For  all  the  measures  I  arranged  the  conditions  to  be  such 
that  the  thermometer  A  marked  the  exact  temperature  of 
boiling;  in  this  case,  for  example,  so  that  the  temperature 
of  the  water-bath  was  comprised  between  35°  and  36°. 

The  experiments,  made  with  these  precautions,  gave  the 
following  results : 


FIKST 

GROUP. 

Temperature. 

/Pressures  in  Centhneltes 

Degrees. 

of  Mercury. 

26*41 

56-644 

27*51 

58*146 

28*31      • 

59-901 

29-21 

61*886 

29*71 

63- 103 

30-21 

64*290 

3071 

^5"536 

31-21 

66*634 

3'7i 

67*826 

32*21 

69*086 

SiXOND 

CiROUP. 

28*21 

59*626 

28-71 

60*772 

29-21 

61-923 

29-71 

63*000 

30*21 

64*257 

3071 

65454 

31*21 

66*631 

31  71 

67*967 

THIRD 

GROL  P. 

28*21 

59-619 

28-71 

60-781 

29*21 

61*924 

29.71 

63-015 

30*21 

64-272 

307' 

65-448 

31-21 

66  630 

3>7i 

67-915 

liiach  of  these  groups  of  measures  was  made    with   neic 
ether,  and  the  uniformitv  of  the  results,  verv  rcmarkabl*-  in 
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the  last  two  groups,  shows   the  apparatus   to  have   been 
thoroujjhlv  dried. 

Second  Method. — This  method  allows  the  determination 
to  be  separately  made  of  the  two  terms  of  the  relation 

dp 

Tit 

Imagine  that  we  seek  to  measure  the  tension  of  the 
ether  vapor  at  30°  with  the  apparatus  just  described  under 
the  head  of  "  First  Method,"  and  that  there  was  a  slow 
reentrance  of  air  into  this  apparatus,  the  pressure  would 
gradually  increase  and  the  temperature  rise,  so  that  these 
two  quantities  would  be  functions  of  the  time. 

Considering  an  infinitely  small  interval  of  time  dd,  we 
could  write 

dp  =  kdd 

dt  =  k'dd 

k  and  k'  being  the  speeds 

dp 

dd        .     ■ 

and 

dt 
dd 

of  the  variation  of  the  pressure  and  of  the  temperature.    As 
/  is  only  a  function  of  p, 

dp  _k 
dt  ~  k' 

If  experiment  showed  that  these  speeds  vary  very  slowly, 
we  could,  in  place  of  infinitely  small  variations,  consider 
variations  finite  but  very  small;  that  is  to  say,  write 

Ap=kAd,  At  =  k'dd,  (i) 

and  the  relation 

k 

could  be  directly  measured.     Let  d^  be  the   time  necessary 
for  the  pressure  to  increase  to  o'l  centimetre;  ^2  that  which 


Feb.,  1892. j  Mechanical  Equivalent  of  Heat.  109 

corresponds  to    a   rise    of  temperature  of   o°-i  ;   we  should 
have 

o-i  =  kf)^,  o-i  =  k'd.,, 

whence 

and 

f'~l,  ~~  It 

we  have  then   to  measure  only  the  relation  of  two  times,  a 
quantity  independent  of  the  chronometer  employed. 

The  reentrance  of  the  air  that  I  employed  in  the  appa- 
ratus, was  effected  by  means  of  a  very  fine  capillary  tube. 
I  first  investigated  how  the  coefificients  k  and  /''varied;  that 
is  to  say, 

I 

«^ 

and 

I 

for  successive  intervals  of  time,  and  I  am  convinced   that 
we  can  rigorously  consider  /•  and  k'  as  constants  and  apply 
the  equations  (i)  for  considerable  variations  of  pressure. 
The  following  are  the  results  of  an  experiment : 

Manometer  (mm.),    65         64         63         62         61         60  59         58         57 

Times  (seconds),  .  155      238       324        408       492       576        662       745       829 

Differences,  ...      83        86        84         84         84         86        83         84 

Mean  of  the  differences, 8425 

Thermometer  (deprees) 2940       2950       29*60       2970       2980 

Times  (seconds),    .    .  3' 5  5 '8  70.S  904       1.099 

Differences, 197  196  n/*  Uy3 

Mean  of  the  differences 196 

Mean  temperature 2960 

The  above  show  that  lor  variations  oi  ^/,  corresponding 
to  a  low  maximum  of  eight  millimetres  of  the  manometer^ 
the  conditions  are  as  previously  stated. 


I  lO 
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We  may  write,  therefore,  that  at  29°-6o,  the  mean  tem- 
perature observed,  we  have"^ 

dp  _  /?2  _     196 
di        ¥[  ~  84-25 

The  indications  of  the  manometer  are  instantaneous, 
those  of  the  thermometer  are  not ;  but,  the  temperature 
varying  with  regularity,  there  would  be  established  a  per- 
manent regime  in  which  the  retardation  of  the  instrument 
would  be  constant.  Further,  we  can  control  the  value  of 
this  retardation,  because  in  diminishing  the  speed  of  the 
reentrance  of  the  air  into  the  apparatus,  we  can  vary  the 
temperature  as  slowly  as  we  wish.  After  having  estab- 
lished the  variations  of  temperature,  we  need  not  give  them 
any  further  attention. 

The  method  consists,  then,  in  measuring  with  a  chro- 
nometer arranged  for  making  dots,  or  any  other  apparatus 
capable  of  registering  time,  the  intervals  necessary  for 
obtaining,  on  the  one  hand,  an  increase  of  pressure  of  o*i 
centimetre  of  mercury,  and,  on  the  other  hand,  a  rise  of 
temperature  of  o°*i  ;  the  quotient  of  these  two  times  gives 

dp 
dt 
expressed  in  centimetres  of  mercury. 

The  advantage  of  this  method  consists  in  only  being 
obliged  to  detect  the  instant  when  a  mercurial  column 
corresponds  with  a  unit  division,  and,  consequently,  of 
being  able  to  dispense  with  estimating  fractions  of  a 
division  which  is  always  a  delicate  matter  :  the  thermom- 
eter and  the  manometer  used  in  these  experiments  being 
graduated  on  the  stem,  made  this  detection  easy.  The  pre- 
cision is  in  one  sense  unlimited,  because  in  diminishing  the 
speed  of  the  reentrance  of  the  air,  the  time  for  making  the 
observation  is  increased;  that  is  to  say,  the  two  terms  of  the 
relation 

dp 
dt  ' 

*  I  do  not  speak  of  ordinary  corrections  necessary  to  be  additionally 
made. 
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The   following   are    the   results   obtained    in    operating 
between  29^  and  31°: 

Temperature  (degrees),    •   .  2joi     2951      29"6i     29'9r     301 1     3021     3101 


dp 
dt 


(cm.  of  mercury),  .    .   2-2770  2-3171    23252   23505  2-3677    2-3757  2-4422 


Measure   of  the  Heat  of    Vaporization. — The   method  em- 
ployed for  measuring  the  latent  heat  of  vaporization,  is  one 

Fig.  8. 


•of  those    described  by    Berthelot  in    his   Jissay  on  LJier.iteal 
Mechanics. 

It  consists  in  measuring  the  fall  of  temperature  pro- 
duced by  the  vaporization  under  a  gaseous  current  of  a 
determined  quantity  of  liquid. 

A  laboratory  tube  A  {Fii^.  ^,  of  thin  brass  containing  the 
liquid,  is  placed  in  the  calorimeter;  the  dry  air  which  pro- 
duces  the  vaporization  penetrates  into  the  apparatus 
through  a  glass  tube  />,  j)assed  very  tightly  through  the 
cork  stopper  closing  the  tube  .  / :  it  passes  out  at  about  two 
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thirds  of  the  height  of  the  laboratory  tube  through  a  brass 
coil  of  about  one  metre  length  wound  around  the  tube  A  and 
finally  debouching  into  the  atmosphere  outside  of  the 
calorimeter.  The  cork  of  the  large  tube  C  is  itself  closed 
bv  a  small  cork. 

The  process  of  the  operation  is  as  follows : 

The  calorimeter  is  allowed  to  remain  from  three  to  four 
hours  in  a  chamber  heated  to  about  30°,  the  water  of  the 
enciente  being  maintained  at  a  temperature  between  33° 
and  35°:  in  the  experimental  conditions  under  which 
I  operated,  the  heating  of  the  water  due  to  the  excess  of  the 
temperature  of  the  enceinte  over  that  of  the  calorimeter 
nearly  compensated  the  cooling  due  to  the  vaporization. 
At  the  end  of  the  three  or  four  hours  there  is  introduced 
into  the  laboratory  tube  a  phial  containing  a  known  mass 
of  ether,  the  tube  B  being  replaced.  The  water  of  the 
calorimeter  is  now  agitated  and  the  dry  air  passed  through ; 
the  latter  is  dried  in  tubes  containing  sulphuric  pumice, 
and  is  heated  to  30°  by  its  passage  through  a  coil  of  lead 
pipe  maintained  at  that  temperature.  At  the  end  of  half 
an  hour  the  calorimetrie  thermometer  is  observed,  and  we 
wait,  to  commence  the  experiinent,  some  ten  or  fifteen 
minutes,  in  order  to  start  when  the  permanent  regimen  is 
established. 

The  stopper  is  then  taken  out  of  tube  C,  and  the  phial 
broken  by  a  sharp  iron  rod  ;  the  tube  is  quickly  reclosed,. 
and  the  thermometer  is  noted  from  minute  to  minute  during 
about  a  quarter  of  an  hour,  which  is  the  time  required  for 
an  experiment;  and  it  is  also  noted  for  fifteen  minutes  after- 
wards. 

The  calculation  for  the  correction  has  been  made  accord- 
ing to  the  directions  given  by  Berthelot.  As  to  that  which 
regards  the  heat  of  vaporization,  it  has  been  made  in  the  fol- 
lowing manner: 

Let  //  be  the  weight  of  the  calorimeter  water,  M  the  mass 
of  ether  vaporized,  t^  and  t^  the  initial  and  final  temperatures, 
/  the  temperature  at  any  instant  whatever ;  t-n  the  reheating 
resulting  from  external  action.  Further,  let  dm  be  an  infini- 
tesimal mass  of   ether,  whose  vaporization  corresponds  to  a 


I 
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variation  dt   of   temperature   and   to    a    correction  d^\  we 
would  then  have 

—  II  dt  —  Ildt)  =  L  dm 
or 

dt    _  dm  dO 

z.   ~  77      "I" 

For  any  given  experiment,  ;//,  t  and  H  are  functions  of 
the  time,  L  is  the  same  because  it  is  a  function  of  /  :  we 
could  then  integrate  the  preceding  relation  within  the 
limits  of  an  experiment  and  write 


d}n  I    dti 

dt         o 

7~  ^ 


4-° 


replacing  in  the  second  term  of  the  second  member,  L  by  its 
mean  value  Z,  during  an  experiment,  a  permissible  approxi- 
mation, this  term  being  a  correction. 

In  the  first  member  we  do  not  know  the  relation  between 
L  and  / ;  but  Regnault  has  shown  that  for  ether  this  quantity 
can  be  represented  by  the  formula 

L  z=  94-00  —  0*0790 1  /  —  o"ooo85  14  /■-. 

There  can  be  admitted,  with  what  seems  a  sufticient 
approximation  when  the  smallness  of  the  coefficient  of  the 
term  in  t'^  is  considered,  that  for  an  internal  of  from  4°  to  6° 
in  the  neighborhood  of  30°,  there  can  be  put 

L  —  a  -^  bt, 

whence  the  expression  i^ccomes 


h 


J    <i  ~\  bt  ~      II    '^       A, 

1 

or 

l>    '  V„  +  i,iJ      II      z, 

Vo:. 
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In  developing  the  logarithm  in  series  following  the 
increasing  powers  of 

b 
a 

and  stopping  after  the  term  in 

we  have 

a  \  2  a  \        Li        L^ 

In  grouping  the  experiments  two  and  two,  we  shall  have 
as  many  systems  of  two  equations  as  of  groups  of  experi- 
ments, and  as  many  values  of  the  quantities 

a  and  - 
a 

that  is  to  say,  of  a  and  b. 

The  following  are  the  results  obtained : 

Nos.  of  the  Groups.  a  ^  — b 

1 95*035        o*ooi352i        0*1285 

2, 95200        o"ooi3655        0*1300 

3. 95*285  0*0013749  0*1310 

4 95*360  0*0013528  0*1290 

5, 95"o66  0*0013695  0.1302 

Interpretation  of  the  Results. — Before  showing  the  manner 
in  which  I  have  interpreted  the  results  obtained,  I  think 
there  should  be  briefly  recalled  the  principles  of  the  theory 
of  errors  which  I  have  adopted. 

When  by  a  succession  of  measures  freed  of  systematic 
errors,  we  have  obtained  different  values  of  a  quantity  func- 
tion of  a  variable,  it  is  often  interesting  to  represent  that 
quantity  by  an  empirical  function  of  that  variable,  of  the 
form 

for  example. 

The  coefficients  A,  B  and  C  are  determined  in  such  a 
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manner  that  the  sum  of  the  squares  of  the  residues  c,  cal- 
culated after  the  m  relations 

£,  =  A-  -  (^  +  5„  +  C,. ) 
s,  =  N,  -  (A  -i-  B,,  -f  Q= ) 

is  a  minimum  (A\,  N^,  etc.,  being  the  results  of  experiments.) 
The  mean  error  of  a  determination  is 


^/ 


1{^) 


m 


and  the  probable  error  is  about  two-thirds  of  that,  namely, 

If  we  have  a  quantity  J/,  function  of  several  others 

M  =  F  {P,  Q,  R,  etc.), 

and  if  /,  </,  r  represent  the  mean  errors  of  P,  Q,  P,  the  mean 
error  of  M  will  be 


the  probable  error  being  still  two-thirds  of  the  mean  error. 

I  will  now  pass  in  review  the  different  determinations 
made,  g"iving  for  each  the  calculated  formulae  and  the 
respective  mean  errors. 

ralt^e  of  u. — The  two  values  07035  and  07025  have 'been 
found  for  the  density  of  ether  at  30°;  the  mean  is  07030, 
the  mean  error  being  00005. 

The  value  07038  found  by  Isidore  Pierre,  is  a  little  but 
not  much  greater. 

The  specific  volume 

I  I 

u  IS  —  _-  =  1*422  cc. 

(i        0703 
and  the  mean  error. 

Su  =        =  0001 
^' 

The  coefficient  of  dilatation,  which  I  have  found  equal  to 
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0-0017524,  is  intermediate  between  the  following-  numbers 
given  by  different  experimenters. 

0*0017531  (Is.  Pierre). 
0-0017668  (Kopp). 
0-0017421  (Hirn). 

I  have  taken  as  the  value  of  u,  r  being  the  excess  above 
30°  of  the  temperature  expressed  in  degrees, 

u  =  ic<''422  +  1-422  X  0-00175  r, 
whence 

//  =  1^^-422  -|-  0*00249  r  (mean  error  0-00 1). 

Value  of  -J~ 
dt 

First  Method. — I  have  put 

p^  A  -^  Bt  ^  Cz\ 

and  calculated  A,  B,  C,  by  the  method  of  least  squares  with 
the  aid  of  each  of  the  three  groups  of  measures   effected, 
as  previously  shown. 
I  have  thus  found : 

A.  B.  c. 

Centimetres. 

First  group, 63722  2*3593  0*04 

Second  group 63*684  2"3599  0*04 

Third  group — :  2*3587  0*04 

Means, —  2*3593  0*04 

The  mean  error  on  B  has  been  calculated  at  0*0005.    The 
values  given  by  Regnault  are  : 

A  =  63*5035  B  =  2*3548 

The  difference  on  the  value  of  B  is,  as  shown,  very  slight. 
Second  Method. — In  putting 

±=B  ^Ct 
dt 

I  have  found 

B  =  2*3584  C  =  0*0834 

Calculating  the  mean  error  of  the  determinations,  we  find 

0*0005. 
The  value  of  C  is,  as  it  ought  to  be,  twice  the  value  of  C. 
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The  value  taken  for 

dp 

(it 

is,  in  centimetres  of  mercury, 

'il  =  23584  -;     0-0834  - 
at 

or,  in  j^rams  per  square  centimetre, 

^^  =  32'o648    -  ri359  '  (tnean  error  O"O07). 
dt 

Value  of  L. — In  introducing  r  into  the  formula 

L  =  a  -\-bt, 
we  have  the  following  relation 

Z  —  ^'  -I    bz  (a'  =  ^7  +30  b). 
The  values  of  a'  thus  determined  are  : 

«'  b 

First  group, 9ri8  — 0*1285 

Second  group 9i'3o  — 01300 

Third  group 9i"3S  — 01310 

Fourth  group 9''49  — 01290 

Fifth  group 9ri6  — 01302 

The  calculation  made  has  given  for  a   and  b  the  values 

y  =  91*29,  ^  =  0*1297, 

the  mean  error  being  012. 

The  formula  I  have  finally  adopted  is 

A  =  9129  —  01297  r.  (i) 

Regnault  gives 

L  ■=  94*oo  —  0*0790 1  /  —  o.oooS  5  1 4  /-, 
which  corresponds  for  a  formula  in  r,  to 

/.=  91-395  —  0*131097  —  0*0008514:*,  (2) 

regard  being  had  to  the  mean  error  0*12,  these  two  formulae 
can  be  considered  as  concordant. 

I'aluc  of  li. — The  two  methods  empU)ycd  being  sufficiently 
concordant,  the  results  found  by  the  a])plicati()n  of  each 
have  been  emph)yed  without  distinction  of  origin  for  obtain- 
ing the  value  of  //. 
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I  have  consequently  based  the  calculation  on  the  results 
of  the  first  method  obtained  for  the  temperatures 

28°-4,  30°'0  31^7,  3i°-9. 

and  on  those  of  the  second  corresponding  to 

28°-6,  29°-375,  29^72,  30°-0'2,  and  3i°'50. 
The  two  other  results  obtained  in  that  last  series,  the 
one  at  2y°'66,  the  other  at  34°*  12,  should  be  omitted  as  too 
far  removed  from  the  temperature  of  3.0°.  It  would  have 
been  necessary  to  use  a  formula  in  z^  in  order  to  represent 
them. 

The  formula  obtained  is  the  following : 

It  =  400-42  —  157394  '  +  0-539  -2 

The  following  table  shows  in  comparison  the  numbers 
resulting  from  experiment  and  from  calculation.  The 
numbers  in  heavy  type  were  obtained  by  the  first  method. 


Tempeyature. 

FoiiJid. 

Calculated. 

Difference. 

28  40 

420-20 

426-08 

+  01 

2860 

42390 

423-51 

+  0-4 

29-375 

410-40 

410-48 

—  o-i 

22-72 

405- 10 

404-87 

+  0-2 

3000 

400  00 

400-42 

—  0-4 

30-02 

39990 

400- 1 1 

—  02 

31-50 

377-20 

377-02 

-f  0-2 

31-70 

37510 

375-22 

—  01 

3100 

373  00 

372-56. 

+  0-4 

The  mean  error  is  0-28. 

Value  of  E. — There   only  remains  to  introduce  into    the 
formula 

T  (u'  —  u)  ^t 
E^ Z 

the  preceding  results  in  order  to  obtain  the  value  of  E, 
which  will  be  expressed  in  grams-centimetres,  corresponding 
consequently  to  a  small  calorie.  If,  in  the  preceding  for- 
mula, we  make 

E=  303  (400-42  —  1-42)  32-0648  ^  .246^ 
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The  mean  error  on  the  value  of  E  is  about  0*5  :  the 
probable  error  will  consequently  be  0*34. 

If,  in  the  relation  there  be  introduced  the  formulae  them- 
selves which  represent 

//,  //,  ^  ^  and  L 
dt 

in  function    of   r,    there  is   obtained   for  representing  E,  a 
function  of  r 

(303  -r  ')  (400-42  —  157394  -  -f  0-539  ''  —  1*42 

^  ^ —  0-0025  r)  (32-0648  -f  I  - 1 3  59j0 

91*29  —  0-1297  r 

I  have  calculated  the  values  of  that  function  for  several 
values  of  r,  and  found  them  to  vary  very  slowly. 

Value  of  r  Value  of  E. 

—  vo  42429 

—  0-2  42458 
01                                                       42461 

o'o  42463 

-I-  o'l  42467 

-f  0-2  42470 

+  ro  42493 

This  is,  I  believe,  an  important  verification  of  the  final 
result.  It  is  evident  that  there  cannot  be  found  for  E  a 
quantity  independent  of  r,  but  the  variation  is  very  slio^ht 
here,  for  it  is  sensibly  represented  by 

E  =  42463    -r    30  r. 

From  r  =  — 0-2  to  7  --=  02  it  is  only  12,  while  the  prob- 
able error  of  a  determination  is  34. 

Finally,  the  value  of  the  mechanical   equivalent  of  heat 
found   in   the  last   place,  very  near  the  numbers  deduced 
from  the  experiments  on  water,  ])reviously  given,  is  in  kilo 
gram  met  res 

424-63 

with  a  probable  error  of  0-34. 

Seen  and  approved  : 

Paris,  the  7th  October.  1887. 
E.  Hi  iiKKT, 
Dean  of  the  K.n  ultv  of  Sciences. 
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[^Stated  vie e ting  held  Tuesday,  January  ig,  i8g2.~\ 

Hall  of  the  Franklin  Institute, 
Philadelphia,  January  19,  1892. 

Dr.  W.  H.  Wahl,  President,  in  the  chair. 

The  election  of  officers,  which  was  postponed  from  the  December  meet- 
ing, was  first  taken  up,  and  on  motion  the  Secretary  was  directed  to  cast  the 
vote  of  the  Section  for  all  the  nominees. 

Mr.  Chas.  S.  Boyer  read  a  paper  giving  the  results  of  a  number  of  analyses 
made  by  him  of  egg  yolk.     It  was  referred  for  publication  in  th^  Journal. 

Mr.  H.  Pemberton,  Jr.,  followed  with  two  communications,  one  on  gas 
analysis,  including  the  description  of  a  new  form  of  gas  measuring  appa- 
ratus, which  simplified  the  reduction  of  volumes  to  the  standard  conditions 
of  temperature  and  pressure.  The  second  paper  was  a  description  of  a 
rapid  method  for  the  determination  of  carbonic  acid  gas.  Both  were  referred 
for  publication  in  the  Journal. 

Dr.  Wahl  then  presented  a  paper  presenting  a  new  interpretation  of  the 
chemical  reactions  which  take  place  in  the  operation  by  which  aluminium  is 
deposited  in  the  electrolytic  process  of  manufacture.  The  paper  included  a 
complete  description  of  the  process  as  it  is  at  present  carried  out,  and  was 
followed  by  the  explanation  in  detail  of  the  views  entertained  by  the  author 
on  this  interesting  subject.  Dr.  Wahl  also  exhibited  a  number  of  aluminium 
articles  recently  turned  out  by  the  Pittsburgh  Reduction  Company.  The 
paper  was  referred  for  publication,  and  after  some  discussion  upon  it,  and 
an  inspection  of  the  exhibit,  the  Section  adjourned. 

Wm.  C.  Day,  Secretary. 
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Tin:  SPECIP^IC  HEAT  of  ALUMINIUM. 


Bv  J.   \V.  RiCHAiuxs,   Lehigh   University. 
\^Read  at  the  stated  meeting  of  the  Chemical  Section,  held  December  /j,  iSg/.'\ 

The  determinations  of  the  specific  heat  of  aluminium  are 
but  few  in  number,  and  yet  vary  widely. 

As  soon  as  Sainte-Claire  Deville  had  obtained  a  button 
of  aluminium,  in  1S55,  his  friend  Regnault  importuned  him 
for  a  specimen  with  which  to  determine  its  specific  heat, 
and  although  Dev^ille  knew  that  the  metal  he  had  made 
was  far  from  pure,  yet  he  yielded  ta  Regnault's  request  and 
furnished  him  with  three  small  pieces,  which  analyzed: 

Silicon, 287 

Iron 240 

Copper, 638 

Lead traces 

Aluminium 8835 

Regnault  determined  the  mean  specific  heat  of  this 
metal  between  25°  and  97^  to  be  0"2056.  He  attempted  to 
calculate  approximately  the  specific  heat  of  pure  aluminium 
by  allowing  for  the  impurities  present.  In  doing  this  he 
assumed  the  specific  heat  of  silicon  to  be  0'i425,  it  not 
having  been  then  determined,  and  his  calculation  gave 
him  0'2i8i  as  the  number  for  pure  aluminium.  Had  he, 
however,  used  what  we  now  know  to  be  the  specific  heat  of 
silicon,  0-2I,  he  would  have  calculated  0*2200  as  the  specific 
heat  of  pure  aluminium  between  25°  and  ()j°. 

A  year  later  Regnault  obtained  aluminium  about  97  per 
cent.  pure.  He  obtained  for  this,  between  14°  and  97°, 
02 1  22.  Allowing  for  the  impurities  present,  he  calculated 
0-2143  as  the  probable  number  for  pure  aluminium. 

It  may  be  remarked  in  passing,  as  a  curious  fact,  that 
Regnault  treats  these  mean  values  as  if  they  were  invari- 
able constants,  independent  of  the  range  of  temperature 
through  which  they  were  determined. 

I'\)llowing  Regnault  came  Knpp,  who  in  1863  made 
determinations    witli     ordin.irN-    Parisian    .ilnminiiim.       ITt- 
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obtained  0*2020  as  the  mean  value  between  20°  and  52°. 
However,  no  analysis  is  given  of  the  metal  used,  and  from 
a  consideration  of  the  way  in  which  Kopp  experimented, 
and  the  degree  of  accuracy  which  was  possible  in  his 
experiments,  it  is  evident  that  his  results  are  of  very  little 
value.     For  instance,  four  determinations  gave  him 

0*1970 


0'2C00 
0*2070 
0"2020 


from  which  he  simply  deduces  0*2020  as  an  average  value. 
In  1882,  Professor  Mallet  made  some  absolutely  pure 
aluminium  for  his  researches  on  the  atomic  weight,  and  he 
determined  its  mean  specific  heat  between  0°  and '100°,  by 
means  of  a  Bunsen  ice  calorimeter,  to  be  0*2253.  Since  no 
impurity  was  present  in  the  metal,  this  determination  is 
free   from    one   of   the    sources   of   error   of    the   previous 


ones 


More  recently,  Naccari,  the  noted  Italian  physicist,  states 
that  he  obtains  for  the  true  specific  heat  of  aluminium  at 
various  temperatures  the  following  values  : 

^^°  50°  100°  200°  '      300° 

0*2135  0-2164  0-22II  0-2306  0*2401 

It   will    be    noticed   that   these  values   indicate    that   the 

specific   heat  increases   0*0095    per    100°,  and   lead    to  the 

formulae : 

S     =  o-2ii6  +  -000095  / 
Sm  =  0-21 16  —  -0000475  (^1  +  4) 
in  which  0-2II6  is  the  true  specific  heat  at  0°.     The  mean 
between  0°  and   100°  would  be  0*2164,  comparing  well  with 
Kegnault's  results,  but  much  lower  than  Mallet's.     It  is  not 
stated  what  was  the  purity  of  the  metal  used  by  Naccari. 

The  question  which  the  writer  set  out  to  solve  presented 
Itself  to  him  in  this  way  :  Who  is  nearest  the  truth  Reg: 
nault  and  Naccari,  or  Mallet  ? 

I  obtained  some  aluminium  made  by  the  Hall  process, 
which  analyzed  .- 

Silicon,  .    .    . 

,  007 

Iron,  ...  ' 

A,  trace 

Aluminium, 

99*93 


J 
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Since  the  atomic  weight  of  silicon  is  almost  identical  with 
that  of  aluminium,  it  was  felt  safe  to  neglect  the  influence 
of  the  0'07  per  cent,  present. 

Three  methods  of  procedure  were  used.  First,  a  large 
weight  of  aluminium  (100-200  grms.)  was  put  into  an  empty 
calorimeter,  whose  water  equivalent  had  been  accurately 
determined  by  experiment,  and  allowed  to  stand  several 
hours.  When  the  temperature  was  nearly  constant,  a 
known  weight  of  water  at  a  higher  temperature  was  run  in, 
and  the  total  loss  of  heat  calculated  from  the  observ^ations. 
This  method  gave  mean  specific  heats  between  about  16° 
and  22°.  Secondly,  the  aluminium  was  suspended  in  steam 
and  dropped  into  the  water  in  a  calorimeter.  This  gave 
values  from  20°  to  100°.  Thirdly,  two  exactly  similar 
calorimeters  were  used.  The  aluminium  and  a  platinum 
ball  weighing  fifty-two  grammes  were  placed  on  a  platinum 
support  and  heated  together  either  in  an  air  bath  to  120°, 
or  in  a  small  furnace  up  to  400°,  500^  and  600°.  The  plati- 
num ball  was  dropped  into  one  calorimeter  and  the  lump  of 
aluminium  into  another.  From  the  heat  given  out  by  the 
platinum  its  temperature  was  calculated,  and  assuming 
that  the  aluminium  had  been  at  the  same  temperature,  I 
had  the  data  for  calculating  its  mean  specific  heat. 

The  third  method  gave  the  most  concordant  results. 
The  first  method  was  used  for  such  a  small  range  of 
temperature  that  the  experimental  errors  were  large.  The 
second  method  was  defective  in  default  of  suitable  apparatus 
to  secure  the  instant  transfer  of  the  metal  from  the  steam 
into  the  calorimeter.  The  third  method  had  the  advantage, 
that  since  the  platinum  and  aluminium  were  taken  out  of 
the  furnace  together  and  were  dropped  almost  simultane- 
ously into  the  calorimeters,  it  could  fairly  be  assumed  that 
they  would  cool  about  the  same  amount  in  the  two  or  three 
seconds  during  which  they  were  exposed  to  the  air. 

The  writer  has  made  two  experiments  by  the  first 
method,  five  by  the  second  and  sixteen  by  the  third. 
Selecting  tho.se  experiments,  which  were  experimentally  the 
nearest  to  perfect  ones,    and   correlating   the    data   by  the 
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method    of    least    squares,   the    following    formulae   were 

irrived.  at  * 

Sm  =r  0-2220 -f  0-00005  (/i -f  ^'2) 
S  =  0-2220   O-OOOl  t 

in  which  0*2220  is  the  true  specific  heat  at  0°  C. 

From  these  formulae  the  following  values  will  be  shown  : 

Mean 
Specific  Heat. 

0*2270 


0-2533 


Total  caloric  capacity  to  1  « 

the  melting  point,  j      *    ' 

It  is  seen  that  the  author's  results  confirm  Mallet's 
determination,  as  far  as  the  true  specific  heat  is  concerned, 
and  agree  closely  with  Naccari's  observation  of  its  rate  of 
increase  with  the  temperature. 


Tt-mperature. 

True 

Specific 

Heat. 

Range  of  Temperature. 

0° 

0-2220 

c°  —  100° 

20** 

0-2240 

100° 

0-2320 

0°  —  625° 

625° 

0-2845 

(melting  point) 

(melting  poir 

t) 

_ 

. 
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PROCEEDINGS 

OF  THE 

Electrical   Section 

OF    THE 

Kkanklix    Imstitute. 


{Stated  meeting,  held   Tuesday,  January  j,  i8g2^ 

Hall  of  the  Franklin  Institute, 

Philadelphia.  January  5,  1892. 

Prof.  Edwin  J.  Houston,  President,  in  the  chair. 

Present,  thirty-six  members  and  visitors. 

The  minutes  of  the  previous  meetinj^  were  read  and  approved. 

One  nomination  to  membership  was  referred  to  the  Committee  on  Admis- 
sions.    The  committee  reported  three  elections  since  last  meeting. 

Mr.  A.  L.  Church's  resignation  of  membership  was  presented  and  accepted. 

Mr.  H.  S.  Hermg  gave  a  description  of  some  types  of  recording  volt- 
and  ammeters,  and  suggested  some  new  modifications. 

Mr.  W.  S.  Aldrich  continued  his  remarks  upon  electro-magnetic  machin- 
ery, with  lantern  illustrations. 

Prof.  Houston  read  a  paper  on  "  An  Karly  Conception  of  .Magnetic 
Field."     Referred  for  publication. 

The  meeting  then  adjourned.  L.  F.  Rondinella,  Secretary. 


Tm:  ELECTRIC  RAILWAY  at  BUDA  PESTH. 


By  H.  W.  Bartol. 


{Abstract  of  paper  read  at  the  stated  meetini^,  held  December  /,  iSgi.^ 

Ever  since  electricity  has  become  not  only  a  possibility 
for  traction  purposes,  but  has  in  fact  come  laro^ely  into  use 
for  that  purpose,  efforts  have  been  made  to  arrive  at  some  sat- 
isfactory system  for  u.se  in  cities  whereby  the  overhead  wire 
could  be  dispensed  with. 

With  the  above  intention,  extensive  experiments  have 
been  made  with  storage  batteries  and  some  few  attempts 
made  to  supply  the  necessary  current  throuj^^h  a  conduit, 
having  an  open  slot  somewhat  similar  to  that  used  by  the 
cable  companies,  a  notable  instance  of  which  was  the  short 
piece  of  line  laid  in  the  city  of  Hoston  a  few  years  since. 

Repeated  trials  have  shown  that  u])  to  the  present  time 
there  is  no  storage  battery  which  can  be  used  to  advantage, 
and  the  battery  experiment  having  failed,  many  had  con- 
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eluded  that  we  must  adopt  the  trolley  system  or  wait  for 
further  developments  in  electrical  propulsion. 

There  have  been  several  patents  taken  out  for  supplying 
the  current  through  an  underground  conduit,  with  an 
arrangement  whereby  only  a  small  portion  of  the  conductor 
is  charged  at  a  time,  the  object  being  to  prevent  (what  was 
supposed  to  be  a  very  serious  loss)  leakage,  but  while  experi- 
ments were  being  made  in  that  direction  in  this  country, 
actual  practice  on  the  other  side  of  the  ocean  has  shown 
that  this  is  a  danger  more  imaginary  than  real,  and  while 
we  have  been  seeking  to  overcome  this,  Messrs.  Siemens  & 


Fig.  I. 
Halske,  of  Berlin,  have  built  and  have  had  in  operation   for 
over  two  years  in  Buda   Pesth,  a  road  which  supplies   the 
current  through  a  conduit,  and  which  it  is  now  my   inten- 
tion to  briefly  describe. 

By  referring  to  Fig.  i  you  will  see  a  conduit  shown 
on  the  left,  the  slot  being  used  as  a  groove  for  a  flange  of 
one  of  the  wheels  ;  B  and  B'  are  the  conductors  which  sup- 
ply the  necessary  current  for  driving  the  dynamo  on  the 
car.  This  conductor  is  made  of  angle  iron  properly  insu- 
lated, and  in  it  runs  a  trolley  which  makes  contact  with  the 
two  sides,  viz :  at  B  the  current  is  received  and  at  B'  it  is 
returned  to  the  power  station. 
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Fig.  2  represents  a  number  of  the  iron  frames  in  place 
and  shows  how  the  arrangements  for  switching-  are  made. 

Fig.  J  shows  a  truck  and  motor,  in  which  it  will  be 
noticed  they  use  a  chain  instead  of  gearing  for  reducing 
the  speed  and  which  it  is  claimed  does  away  with  a  great 
deal  of  the  noise. 

The  actual  results  obtained  in  Buda  Pesth  and  the  cost 
of  building  the  road  there  are  as  follows :  cost  of  road-bed, 
conduit,  conductor,  repaying,  etc.,  §20,000  a  mile.  The 
voltage  employed  is  300,  the  amperes  used  in  running  the 
car  after  it  is  started,  twenty-three;  to  start  the  car,  however, 
when  fully  loaded,  requires  about  eighty  amperes.  The 
weight  of  the  car  empty  is  about  four  and  one-half  tons,  and 
its  carr}'ing  capacity  when  full  is  forty  people. 

The  heaviest  grade  in  Buda  Pesth  is  one  and  six-tenths 
per  cent.,  but  experiments  on  a  four  per  cent,  grade  show 
that  it  requires  an  average  of  thirty-eight  instead  of  twenty- 
three  amperes  to  obtain  the  same  speed. 

We  now  come  to  some  of  the  more  practical  considera- 
tions, namely :  Is  the  road  a  success,  and  is  the  leakage  such 
an  item  as  to  figure  materially  in  the  cost  of  operation  ? 
To  the  first  of  these  questions  the  answer  is  unequivocally. 
Yes;  to  the  second  the  answer  is,  that  in  dry  weather  thu 
leakage  is  practically  ;///,  and  in  wet  weather  on  a  line  thir- 
teen miles  long  it  does  not  exceed  three  per  cent.,  and  in 
addition  to  this,  is  the  fact  that  the  friction  of  moving  the 
car  is  so  much  less  in  wet  weather  than  in  dry  that  it 
actually  requires  less  power  at  the  power  station  notwith- 
standing the  three  per  cent,  leakage. 

As  the  conduit  is  connected  with  the  sewer  at  manv 
points,  no  trouble  is  experienced  from  its  filling  with  water, 
nor  have  they  encountered  any  trouble  in  keeping  the  line 
free  from  snow,  although  the  climate  in  Buda  Pesth  is  fully 
as  cold  as  that  of  Philadelphia. 

The  contact  which  takes  the  current  from  the  conductor  is 
a  sliding  one  and  of  iron  and  the  conduit  between  the  iron 
frames  is  made  of  cement. 

The  speed  allowed  in  Buda  Pesth  is  ten  miles  an  hour 
and  in   the  suburbs  eleven   and  one-half,   which  speed  they 
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find  no  trouble  in  maintaining.  The  operating-  expenses  of 
the  company  are  lower  than  those  of  nearly  every  company 
using  the  trolley  system  in  this  country,  and  the  company 
is  paying  dividends. 

In  conclusion,  I  might  add  that  this  system  is  soon  to  be 
given  a  practical  test  in  this  country,  as  a  prominent  rail- 
road syndicate  has  undertaken  to  build  six  miles,  and  I 
am  sure  the  public  will  agree  with  me  in  hoping  it  will  be 
a  success  and  a  step  in  the  direction  of  securing  what  all 
want,  namely,  a  satisfactory  sy-stem  of  rapid  transit  with- 
out the  disadvantage  of  the  overhead  trolley  or  the  great 
expense  of  the  cable. 


NOTES  ON   ELECTRO-MAGNETIC    MACHINERY. 

[FIRST  PAPER.] 


By   Wm.   S.  Aldrich,    M.E., 
Associate  in  Mechanical  Engineering,  Johns  Hopkins  University. 


\^Read  at  the  meeting  of  the  Electrical  Section  held  December  i,  i8gi.'] 

The  terms  Machinery,  Machines,  Mechanisms  are  scarcely 
synonymous,  though  often  so  used.  Early  writers  on  the 
subject,  among  which  the  names  of  Monge,  Carnot  and 
Lanz  are  prominent,  speak  of  mechanisms  as  means  for 
altering  or  changing  the  direction  of  motion  ;  such  as  the 
conversion  of  motion  from  continuous  circular  to  recipro- 
cating rectilinear  motion.  Ampere  defined  those  mechan- 
isms to  be  pure,  which  consisted  entirely  of  rigid  bodies, 
limiting,  as  it  were,  the  definition  to  the  means  by  which 
the  motion  was  produced  or  transferred  ;  and  he  defines,  a 
machine  to  be  *'an  instrument  by  the  help  of  which  the 
direction  and  velocity  of  a  given  motion  can  be  altered." 
Willis,  in  his  Principles  of  Mechanism,  follows  closely,  at 
first,  with  a  classification  based  on  comparative  motion, 
subordinating  the  means  and  modes  of  communication  by 
which  these  motions  were  obtained ;  but,  later,  making  the 
mode  of  communication  primary,  and  the  comparative 
motion  .secondary  in   his  classification    of   the  elementary 
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combinations  of  pure  mechanism.  Rankine,  in  his  Ma- 
cliinery  and  Milhcork,  adheres  to  Willis'  later  classifica-* 
tion,  but  includes  hydraulic  connection  as  having  a  legiti- 
mate place  among  the  means  for  the  communication  of 
motion  in  mechanisms.  This  marks  a  definite  advance,  for 
the  means  employed  to  communicate  or  transmit  motion 
may  be  quite  different,  but  the  kinematic  question  remains 
the  same — which  is  that  of  pure  motion. 

The  Idea  of  tlie  Kinematic  Chain  was  brought  out  by  Reu- 
leaux,  in  his  work  on  the  Kinematics  of  Machinery,  as  the 
next  step  in  the  development  of  the  science  of  machinery. 
He  thus  defines  a  mechanism  to  be  '*  a  closed  kinematic 
chain,  which  is  compound  or  simple,  and  consists  of  pairs  of 
elements ;  these  carry  the  envelopes  for  the  motion  which 
the  parts  in  contact  must  be  given,  and  by  these  envelopes 
all  other  motions  are  prevented."  The  constrainment  of 
motion  now  becomes  a  fundamental  condition  for  every- 
mechanism,  and  subordinates  the  mere  question  of  direc- 
tional— relation  or  of  velocity-ratio,  as  determined  by  the 
comparative  motion  of  any  two  points  of  the  mechanism. 
A  machine  is  a  mechanism  so  operated  as  to  do  work,  and 
is  stated  by  Reuleaux  to  be  ''  a  combination  of  resistant 
bodies  so  arranged  that  by  their  means  the  mechanical 
forces  of  nature  can  be  compelled  to  do  work,  accompanied 
by  certain  definite  motions." 

The  Electro-magnetic  Connection  of  Moving  Parts,  in  a 
mechanism  or  a  machine,  followed  naturally  upon  the  inclu- 
sion of  hydraulic  and  pneumatic  modes  of  communicating 
motion.  For  development  in  any  line  becomes  apparent 
when  a  general  identity  is  to  be  seen  through  many  special 
varieties.  And,  however  varied  may  be  the  mechanical 
movements  of  any  machinery,  or  however  simple  the  rela- 
tive motions  amidst  the  complicated  mechanism,  the  ulti- 
mate analysis  shows  simple  well-known  motions, obtained  by 
well-known  pairs  of  elements  and  kinematic  chains,  whether 
such  chains  are  composed  entirely  of  rigid  connecting  ele- 
ments, or  of  hydraulic,  pneumatic,  or  electro-magnetic  con- 
nection. Seeing,  therefore,  that  the  time  was  ripe  for 
another  mode  of  connection  in  mechanism,  and  which  should 
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include  the  electro-magnetic  forces  of  nature  as  among  "the 
mechanical  forces  of  nature  [that]  can  be  compelled  to  do 
work,  accompanied  by  certain  definite  motions,"  Sylvanus 
P.  Thompson  has  given  us  the  term  "  Electro-magnetic 
Mechanisms,"  and  considered  them  somewhat  at  length  in 
connection  with  his  work  on  The  Electro-magnet.  It  is 
my  purpose  in  these  papers  to  speak  of  these  mechanisms 
when  put  to  do  work,  as  electro-magnetic  machines ;  and  the 
general  term,  electro-magnetic  machinery,  will  include  such 
mechanisms  as  may  be  more  or  less  useful  in  the  conversion 
of  motion  under  constrainment,  and  such  machines  as  may 
be  useful  in  the  direct  transmission  of  energy — by  electro- 
magnetic means, 

J  lie  Medium  for  the  Transmission  of  Energy  may  likewise 
serve,  as  it  often  does,  as  the  means  for  communicating 
motion ;  and,  when  energy  is  transmitted  along  with  the 
conversion  or  transfer  of  motion  in  any  mechanism,  that 
mechanism  becomes  a  machine.  Any  medium,  therefore, 
which  is  of  such  a  nature  as  to  admit  of  its  being  made  a 
part  or  link  in  the  mechanism  of  the  energy  cycle,  will  serve 
in  almost  all  cases,  equally  well  for  the  transmissign  of 
energy  or  of  motion ;  provided,  that  notwithstanding  the 
deformations  to  which  it  may  be  subjected,  the  medium  is 
capable  of  returning  to  its  original  condition.  Some  mediums 
or  links  are  practically  incompressible  and  inextensible, 
within  the  usual  limits  of  the  transmitted  energy;  such  as^ 
iron  rods,  retaining  their  form  throughout;  and  a  water  con- 
nection, which  retains  its  volume  while  altering  its  volume- 
form.  Other  mediums  admit  of  practical  extension,  but 
are  of  little  use  in  compression ;  such  as,  belts,  wire  ropes, 
and  like  flectional  elements  used  as  wrapping  connectors  in 
mechanism.  Compressed  air,  springs,  and  like  flectional  ele- 
ments admit  of  practical  extension  and  compression,  and  are 
of  more  or  less  value  in  the  transmission  of  energy;  but,  of 
little  use  as  elements  or  links  of  a  kinematic  chain,  for  con- 
strained motion.  In  all  of  these  energy  is  transferred  by 
and  through  matter  in  some  one  of  its  many  forms— matter 
which  follows  the  laws  of  the  continuity  of  matter  and  of 
space,  while  entering  as  a  medium  in  the  continuity  of  energy. 
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Systems  for  the  Transmission  of  Energy  have  therefore 
become  quite  definitely  established,  for  long  or  short 
distances,  and  have  taken  the  following  broad  lines  of 
development : 

(1)  Mechanical  transmission,  by  belts,  wire  ropes,  and 
other  wrapping  connectors  for  long  or  short  distances ; 
and,  by  gear-wheels,  links,  screws,  cams,  ratchets,  and  like 
forms,  for  more  immediate  and  direct  transmission. 

(2)  Hydraulic  transmission,  with  pumps,  accumulators, 
connections,  motors  and  presses,  more  or  less  varied  in  form 
for  utilizing  water-pressure. 

(31  Pneumatic  transmission,  with  the  compressors  and 
apparatus  especially  adapted  to  that  medium. 

(4)  Electric  transmission,  with  dynamos,  line  connec- 
tions, regulators  and  motors,  and  chiefly  used  in  long-dis- 
tance transmission. 

It  is  proposed  to  add  : 

(5)  Electro-magnetic  transmission,"  in  w^hich  the  dynamo 
and  motor,  as  generator  and  receiver,  or  as  driver  and  fol- 
lower, shall  be  in  the  same  magnetic  circuit;  or,  in  which 
the  magnetic  circuit  shall  be  used  for  direct  and  immediate 
distribution  of  energy  for  very  short-distance  transmission, 
in  much  the  same  way  as  the  electric  circuit  is  even  now 
used  for  long-distance  transmission. 

Tin  Et/ier  as  the  Medium  for  the  Transfer  of  Energy^  by 
electric  or  electro-magnetic  means,  has  been  found  to  possess 
many  striking  analogies  to  other  and  better  known  mediums. 
By  the  modern  theory  of  electricity,  the  electric  energy  is 
supposed  to  be  concentrated  in  the  ether  surrounding  the 
conductor,  or  other  core  of  disturbance,  and  that  a  trans- 
fer of  the  ether  energy  takes  place  whenever  electric 
energy  is  being  transmitted  from  point  to  point.  However 
great  maybe  the  contrast  between  the  mechanical,  hydraulic 
and  pneumatic  transmission  of  energy  and  the  etherw 
transmission,  it  remains  a  fact  that  energy  may  be  trans- 
mitted   by    all    of    the.se   means,   with   varying  degrees   of 


*  I'apcr  read  before  the  Klcclric  Club  of  the  Johns  Hopkins  L'nivcrsily, 
November  9,  iXyi.on  "Notes  on  Illeciro-niagnelic  I'r.insmission  of  liner^y." 
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efficiencv,  and  accompanied,  if  desired,  by  definite  conver- 
sion of  motion.  The  former  three  require  some  material 
connecting-dink  between  driver  and  follower — some  kind  of 
contact  of  elements,  or  some  pairing  of  surfaces — while 
the  etheric  transmission  requires  no  such  material  contact 
or  pairing ;  indeed,  such  contact  may  kinematically  lock 
the  whole  mechanism,  as  an  armature,  in  contact  with  its 
core  in  some  special  forms  of  this  type  of  electro-magnetic 
mechanisms.  The  ether  medium  allows  of  the  transmission 
of  constant  or  varying  forces,  as  now  transmitted  by  more 
material  modes  of  connection  ;  and,  with  the  peculiarities 
of  comparative  and  constrained  motion  accompanying  such 
energy  transmission.  By  the  displacement  theory,  electricity 
seems  to  act  as  an  incompressible  fluid.  By  the  researches 
of  Hertz,  the  ether  appears  to  be  possessed  of  some  peculiar 
mechanical  properties,  such  as  inertia,  and  stress  and  strain 
manifestations.  We  have  even  come  to  conceive  of  the 
mechanism  of  the  ether  medium,  and  to  picture  some  of  the 
peculiar  manifestations  of  the  ether  mechanism  as  analo- 
gous to  gear-wheel  mechanisms. 

The  Kinematic  Conception  of  the  Ether  Mechanism,  in  com- 
bination with  the  peculiar  mechanical  properties  apparently 
possessed  by  the  ether  medium — however  far  from  being  a 
true  conception,  may  serve  the  passing  moment  till  a  better 
working  hypothesis  is  presented.  We  know  that  the  ether 
energy  of  the  electric  current  and  of  the  magnetic  circuit, 
moves  at  right  angles  (normal)  to  the  direction  of  the 
current  or  the  axis  of  the  magnet ;  also,  while  the  instan- 
taneous direction  of  motion  of  a  point  in  the  pitch  circle 
of  a  gear-wheel  is  tangential  to  its  path,  the  energy  is 
transmitted  radially  or  normal.  These  peculiar  gear-wheel 
properties  of  the  kinematics  of  the  ether  mechanism,  like 
all  good  illustrations,  leave  us  in  doubt  as  to  many  points  ; 
especially,  as  to  whether  the  ether  gear-wheels  are  more  or  less 
flexibly  mounted,  as  on  springs,  but  with  apparently  limited 
or  even  fixed  distances  between  centres.  Perhaps  Oliver  J. 
Lodge  may  yet  point  out  to  us  whether  these  gear-wheels,  as 
elements  in  the  ether  kinematic  chain  of  mechanism  (speak- 
ing in  the  phraseology  of  Reuleaux)  are  pair-closed,  force- 
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closed,  or  chain-closed.  That  is,  whether  they  mesh  with  each 
other  by  reason  of  some  peculiarity  of  theirpaired  connection 
or  characteristic  conformation  of  their  toothed  outline:  or, 
are  by  some  force  kept  in  geared  connection,  akin,  perhaps,  to 
the  manifest  tendency  of  the  magnetic  circuit  to  complete 
or  perfect  itself — to  enclose  the  greatest  possible  number  of 
lines  of  force  in  following  the  path  of  least  resistance,  and 
yet  to  remain  as  undeformed  as  possible  in  the  presence  of 
opposing  magnetic  forces — a  kind  of  electro-magnetic  force- 
closure  ;  or,  perhaps,  these  ether  gear-wheels  may  have  their 
centres  connected  by  a  link  or  chain  device,  not  yet  made 
clear.  And  the  time  may  come  when  the  kinematics  of  this 
hypothetical  mechanism  of  the  ether  may  be  as  definitely 
studied  as  its  mechanics;  and,  the  paths  of  its  moving 
elements  as  clearly  laid  down  as  now  in  the  case  of  link- 
work,  cams,  gearing,  etc.  The  ether  medium  has  already 
been  made  to  yield  some  of  its  many  possibilities  in  the 
applications  of  electricity  and  magnetism;  and,  its  peculiar 
characteristics  show  it  to  be  capable  of  the  widest  range  of 
u.sefulness  in  the  transmission  of  energy  and  of  motion,  for 
a  long  or  short  distance,  and  by  immediate  and  direct,  or 
by  indirect  means.  And  the  beautiful  electro-magnetic 
induction  experiments  of  Elihu  Thomson,  the  high  fre- 
quency alternating-current  effects  obtained  by  Tesla,  and 
the  researches  of  Crookes  in  high  vacua — give  grounds  for 
hoping  that  the  day  is  near  at  hand  when  these  invisible 
forces  will  be  clearly  seen  and  understood  by  the  things  that 
are  made. 

lilectric  Transmission  of  Energy  is  shown  in  simple  ideal 
form  in  Fig.  i  for  long  distances;  in  l'ig.2  for  short  distances. 
In  either  case,  but  especially  the  latter,  we  may  suppose  the 
axes  of  the  two  armatures  to  be  placed  parallel,  or  in  any 
given  oblique  position  to  each  other,  being  then  similar  to 
transmission  by  belts  and  wire  ropes.  The  speeds  of  the 
two  shafts  may  be  maintained  constant  under  changes  of 
load,  or  varied  at  will ;  and  the  rotations  may  be  in  the 
same  or  opposite  directions,  and,  reversible  at  will.  The 
current  used  may  be  direct  or  alternating.  Power  applied 
to  drive  one  as  a  dvnamo,  will  drive  the   otiier  as  a  motor; 
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while  if  power  be  applied  to  both,  the  output  will  be  cur- 
rent in  the  external  circuit,  as  given  by  two  dynamos 
coupled  for  any  g-iven  output.  Current  supplied  to  drive 
one  as  a  motor  will  serve  to  drive  the  other  as  a  dynamo, 
giving  an  electric-motor-driven  dynamo  as  a  transformer,  if 


A  B 

Fig.  I. — Lonji-distance  electric  transmission  of  energy. 
the  two  shafts  are  in  any  way  coupled  or  geared ;  while,  if 
current  be  supplied  to  both,  the  output  is  power  from  each 
machine  acting  as  a  motor.  More  than  two  machines  are 
often  used,  and  sometimes  one  dynamo  operates  several 
motors   in    the   same   electric  circuit,  but  with  individual 


Fig  2.  Fig.  3.  Fig.  4. 

Short-distance  electric  and  electro-magnetic  transmission  of  energy, 
magnetic  circuits.     In  the  figures  from  /  to  12,  inclusive, 
I\  Q,  R,   represent   armatures   and   armatured    shafts,  and 
A,  B,  C,  fields  and  field  coils. 

Eleciro-mag)ietic  Transmission  of  Energy  is  understood  to 
mean  that  combination  for  the  transmission  of  energy  in 
which  all  the  armatures  are  in  the   same  magnetic  circuit. 
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{a)  One  or  more  of  these  armatures,  as  dynamos,  may  be 
utilized  to  generate  current,  which  may  be  supplied  to  the 
remaining  armatures,  as  motors,  in  the  same  magnetic 
circuit ;  or,  (b)  all  the  armatures  may  be  run  as  motors  by 
an  external  source  of  supply  of  current :  or,  (c)  all  the  arma- 
tures may  be  run    as    dynamos    by  an    external  source   of 


C 

Fig.  5.  Fig.  6. 

Dynamotors  for  parallel   shafts  in  close  proximity. 

power,  rigs,  j,  7,  -f,  6,  7  and  8  show  such  combinations  of 
two  armatures  in  the  same  magnetic  circuit,  or  branches  of 
the  same,  {a)  If  armature  P  is  driven  by  power,  as  a 
dynamo,  the  current  supplied  to  armature  O  will  drive  it  as 
a  motor:  or,  (b)  if  current  is  supplied  to  both  armatures  P 
and  0,  they  will  run  as  motors;  or,  {c)  if  power  is  applied 
to  both  armatures,  current  will   be  generated  in   the  exter- 


¥\(,.  7.  Fk;.  .s. 

Dynamotors  for  intersecting  and  non-intersecting  axes. 

nal  circuit.  This  last  combination  is  similar  to  a  separate- 
circuit  self-exciting  dynamo  (type  of  Fig.  4),  brought  out  by 
Ladd,  March  14,  1S67,  which  had  two  shuttle-wound  arma- 
tures— a  small  one  to  excite  the  common  field  magnet,  and 
a  large  one  to  supply  currents  for  electric  lighting.  We 
may  also  arrange   any  one   of   the   forms  shown  [I'ig.  -*.  for 


13^  Electrical   Section.  [J.  F.  I., 

instance),  as  a  dynamo-transformer,  by  supplying  current 
to  armature  P,  acting"  then  as  a  motor,  and  gearing  or 
otherwise  coupling  the  shafts  P  and  g,  so  that  armature  Q 
acts  as  a  d\'namo,  giving  a  transformed  current  within  any 
given  range. 

Dynamotors  for  Electro-magnetic  Transmission  of  Energy 
are  combinations  of  armatures  in  the  same  magnetic  circuit,, 
as  illustrated  in  Figs,  j,  4,  5,  6,  7  and  8,  which  show  two- 
armatures  in  the  same  magnetic  circuit,  as  dynamo  and 
motor.  A  dynamo-motor  combination,  in  the  same  electric 
circuit,  but  with  individual  magnetic  circuits,  as  Fig.  2,  is 
really  a  transformer  of  mechanical  energy ;  while  a  motor- 
dynamo  combination,  similarly  arranged,  is  a  transformer 
of  electrical  energy.  The  dynamotor  is  also  a  dynamo- 
motor  combination,  in  the  same  electric  and  the  same  mag- 
netic circuits.  Figs,  j,  4.,  j,  6,  7  and  8,  and  as  such  is  also  a 
transformer  of  mechanical  energy ;  but  it  may  also  be  used 
as  a  transformer  of  electrical  energy.  These  dynamotors 
allow  of  a  constant  or  variable  velocity-ratio  being  electro- 
magnetically  transmitted  between  two  shafts  arranged  in 
any  way  with  inclose  proximity,  for  the  immediate  and  direct 
transmission  of  energy.  The  direction  of  rotation  as  well 
as  the  velocity-ratio  may  be  varied  at  will.  Direct  or  alter- 
nating currents  may  be  used,  but  preferably  the  latter,  and 
very  probably  some  form  of  the  so-called  rotary  current. 
The  dynamotor  may  be  an  independent  machine,  with  no 
external  circuit  connections,  or  it  may  be  more  or  less 
dependent  upon  some  external  source  of  current  supply, 
either  for  regulation  of  velocity-ratio,  or  of  its  operations  as 
an  energy  transformer. 

Mechanical  Equivalents  of  Dynamotors  are  those  mechani- 
cal means  for  the  transmission  of  energy  and  motion, 
equivalent,  from  the  standpoint  of  kinematics,  to  the  elec- 
tro-magnetic means  employed  in  the  dynamotor.  Thus 
Figs.  J  and  4,  show  dynamotors  for  parallel  shafts,  in  ordi- 
nary proximity,  and  have  their  mechanical  equivalents  in 
belts,  spur  gearing  and  like  means  for  the  transfer  of  cir- 
cular motion  between  parallel  shafts.  Figs.  5  and  6  show 
dynamotor  forms  for  parallel  shafts  very  close  together,  as 
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in  Oldham's  coupling.  vShafts  intersecting  at  an  angle,  such 
as  in  bevel  gearing,  univ^ersal  joints,  Hooke's  joint,  etc.,  are 
mechanically  equivalent  to  the  form  of  Fig.  7.  Screw  wheels, 
worm  wheels,  and  skew-bevel  wheels,  are  mechanically 
equivalent  to  the  form  of  Fig.  8,  for  transmission  between 
non-intersecting  a.xes. 

Magnetic  Circuits  in  Parallel  and  in  Series  admit  of  a 
variety  of  ways  of  grouping  two  or  more  armatures  in  electro- 
magnetic machinery.  Fig.  g  shows  the  simple  ideal  group- 
ing in  parallel  or  magnetic  shunt,  with  one  energizing  coil. 
The  ends  of  the  field,  at  armature  R  may  be  closed  around, 
and  another  coil  put  in,  acting  in  conjunction  with  the  coil 
C.  And  with  or  without  this  additional  coil,  separate  aux- 
iliary energizing  coils,  acting  in  the  way  of  feeders,  may  be 
placed   between   armatures   P  and   Q,  and   Q  and  A'.     The 


Fig.  9. — Simple  ideal  grouping  of  armatures  in  magnetic  shunt,  or   parallel. 

simple  magnetic  shunts,  to  which  Sylvanus  P.  Thompson 
refers'^  may  develop  into  useful  industrial  applications,  such 
as  multiple  drills,  operated  by  spindles  on  armatures  ar- 
ranged in  parallel  magnetic  circuit.  Other  forms  of  branch 
magnetic  circuits  are  shown  in  Figs,  j  and  •,'•  The  simple 
ideal  grouping  of  armatures  in  series  in  the  magnetic  cir- 
cuit is  shown  in  I'lg.  10,  with  one  energizing  coil.  As  be- 
fore, auxiliary  energizing  coils  may  be  ])laced  at  the  other 
end,  or  between  the  armatures  7^  and  O,  and  A'  and  .V,  but 
these  coils  do  not  here  act  as  feeders  as  they  did  before  in 
the  parallel  arrangement,  but  rather  as  separated  parts  of 
one  large  coil  controlling  the  one  magnetic  circuit.     This 

*  "On  .1  Property  of  Mannetic  Shunts,"  communicated  to  the  Thysical 
Society,  April  17,  1891.  See  7'///-  Electrician  (London).  \"oI.  xxvi.  .April  24, 
1 89 1,  p.  764. 
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may  be  clearly  seen  by  referring  to  the  field  coils  in  Figs.  ^, 
6^  7  and  S,  which  show  the  arrangement  of  two  coils  in 
series  for  one  magnetic  circuit. 

T/ie  Electro-uiag)ietic  Kinematic  Chain  may  be  developed  by 
reference  to  Figs,  ii  and  12.  Multipolar  types  are  preferably 
here  used.  If  the  arm  Z,  connecting  the  two  fields  in  Fig. 
II,  he  Jixed,  the  combination  may  be  used  as  a  dynamotor. 
And  by  driving  armature  2  as  a  dynamo,  by  power,  or  by  a 
motor  secured  to  the  arm  Z,  armature  P  will  operate  as  a 
motor,  turning  at  a  certain  definite  and  predetermined  speed 
with  respect  to  Q.  Should  the  armature  P  be  slowed  down 
by  a  fixed  brake  or  clutching  device,  and  the  armature  Q 
rotated  as  before,  there  will  be  a  rotation  oriven  to  the  field 


Fig.    10. — Simple  ideal  grouping  of  armatures   in   series,  in   the  magnetic 

circuit. 

<r,  of  P,  in  the  opposite  direction  to  which  the  armature  P 
is  turning,  in  order  that  the  lines  of  force  across  /^  may  con- 
tinue to  be  cut  at  the  same  rate  as  before  ;  that  is,  when 
the  field  was  fixed  and  the  armature  was  free  to  revolve.  If 
armature  P  be  wholly  stopped,  its  field  C^  will  turn  around, 
carrying  the  arm  L  and  its  appurtenances,  at  the  same 
speed  at  which  the  armature  was  formerly  turning,  but  in 
the  opposite  direction.  If,  on  the  other  hand,  the  speed  of 
the  armature  P  be  increased,  by  applying  external  power, 
then,  to  cut  the  lines  of  force  at  the  designed  rate,  the  field 
C,  of  P,  and  so  the  arm  L,  will  have  to  turn  around  in  the 
same  direction  as  the  armature  P.  The  armature  and  its 
field  form  an  electro-magnetic  turning  pair  of  elements ;  in 
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the  first  case  above,  acting  as  a  motor-turning  pair,  and  in 
the  second  case  as  a  dynamo-turning  pair  of  electro-mag- 
netic elements.  The  placing  of  two  armatures,  /^and  Q,  in 
the  same  magnetic  circuit  makes  it  an  electro-magnetic  con- 
necting link  between  them  ;  while,  if  placed  simply  in  the 
same  electric  circuit,  they  form  a  combination  of  elements 
electrically  linked.  The  electro-magnetic  chain  is  then  built 
up  of  electro-magnetic  links,  which  connect  electro-magnetic 
pairs  of  elements.  Two  or  more  armatures  may  therefore 
be  electro-magnetically  arranged  in  series  or  parallel,  or  any 
of  the  usual  modifications  and  combinations  of  these  group- 
ings. And,  from  the  kinematic  standpoint,  two  or  more 
armatures,  with  their  fields,  maybe  kinematically  arranged 
as    an    electro-magnetic   kinematic    chain ;  the  mechanical 


Fig.  II.  Fig.  12. 

Elements  of  an  electro-mai^netic  kinematic  chain. 

equivalents  of  this  combination  may  be  seen  in  belt  kine- 
matic chains,  wheel-kinematic  chains,  and  crank  (linkage) 
kinematic  chains.  In  general,  then,  an  electro-magnetic 
kinematic  chain  may  be  .considered  as  a  c(jmbination  of 
electro-magnetic  connecting  links,  so  connecting  pairs  of 
electro-magnetic  elements,  that  all  parts  of  the  chain  have 
determinate  motions;  such  motions  being  determined  by  the 
form  of  the  elements  carried  by  the  links,  and  independent 
of  the  application  of  external  force  when  considered  merely 
as  a  change  in  position.  /*"/X^  /-'  shows  a  simple  ideal  electro- 
magnetic chain  of  three  links.  Whether  the  armature  /^is. 
held  fixed,  or  is  rotated,  certain  definite  motions  may  be 
obtained   from  the  armatures  Q  and  A\  in  either  case.     Fix- 
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ing  the  centres  of  armatures  Q  and  R  (the  same  as  fixing"  the 
rigid  connecting  link  between  P  and  Q,  of  Fig.  ii)  would 
lock  this  three-link  chain,  so  far  as  any  motion  of  the  centre 
of  P,  in  space,  would  be  concerned,  and  the  armature  P 
would  then  revolve  as  about  a  fixed  centre.  Kinematic 
chains  of  four  or  more  electro-magnetic  links  admit  of 
a  greater  variety  of  relative  and  constrained  motions; 
and,  as   in    any   case,  become    convertible  into  a  mechan- 


FiG.  13.— The  Rowan  electric  drill  with  electro-magnetic  clamp, 
ism   by   fixing   one   link.      The  extreme  flexibility    of   the 
electro-magnetic  connection  admits  of  many  combinations 
of   the   simple  electro-magnetic  pairs  for   producing   rota- 
tion, translation  or  helical  motion. 

Some  Industrial  Applications  of  Electro-magnetic  Machinery 
have  been  taken  from  among  the  many  drills  operated 
directly  or  indirectly  by  these  means.  Drilling  operations 
admit  of  peculiarly  compact   and  portable  machines,   and 
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ready  adaptation   of  either  rotary  or  reciprocating  motions 
produced  and  controlled  by  electro-magnetic  means. 

The  Roican  Electric  Drilling  Machine,  with  an  electro- 
magnetic clamping  device,  is  shown  in  J'lg.  ijr  The  main 
frame,  M  E,  is  easily  placed  in  position,  and  electro-mag- 
netically  clamped  by  the  holding-down  magnets  //  J/, 
to  the  iron  or  steel  plates  to  be  drilled.  The  drill  is  then 
operated  through  the  usual  mechanism  for  increasing  or 
decreasing  the  speed,  from  an  electric  motor,  /:  J/,  mounted 
on  the  main  frame  A/  E.  The  feed  is  by  hand,  through 
the  feed-gear  E  G.  The  drill  can  be  moved  over  the  work, 
along  the  guides,  G,  G,  by  the  transverse  shaft,  T  S/i.  The 
Willet's  portable  electric  drill  cuts  holes  two  and  three- 
eighths  inches  diameter  through  two  and  one-half  inch 
steel  armor-plates,  in  position  on  deck,  in  twenty-one  min- 
utes. This  work  formerly  required  two  men,  working  a 
half-day  each. 

E/ie  J 'an  Depoele  Reciprocating  Electro-magnetic  Mining  Drill 
is  a  good  example  of  the  direct  application  of  a  controlled 
reciprocating  movement.  The  length  of  stroke  is  about  five 
and  one-half  inches,  and  at  every  stroke  the  drill  turns  auto- 
matically one-eighth  of  a  revolution  about  its  axis,  so  that 
the  drilled  hole  is  truly  cylindrical.  The  forward  advance 
is  made  by  a  feeding  screw  operated  by  hand.  About  two 
horse-power  is  absorbed  in  drilling  holes  from  one  and 
one-half  inch  to  two  inches  diameter.  In  experiments  at 
Frankfort,  1*4  inches  diameter  holes  were  drilled  per 
minute,  in  gypsum  blocks,  to  a  depth  of  7*9  inches  with 
water,  and  47  inches  without  water.  In  Odenwald  granite, 
a  hole  17  inches  diameter  and  fifteen  and  three-fourths 
inches  deep  was  drilled  in  ten  minutes. +  Two  thick-wire 
outer  coils,  /  and  ;,  with  a  thin-wire  inner  coil,  _',  are 
wound,  side  by  side,  and  secured  to  an  iron  casing,  com- 
pletely closing  in  the  magnetic  circuit,  and  .so  forming 
an  efficient  iron-clad  construction.  The  drill-spindle  is 
attached  to  an  iron  core  introduced  into  the  coils.    The  coils 

*  Elt'itrinil  W'orlii,  1887,  June  2$,  p.  301. 

t   The  I'.lt't  trii  iitn.     Ldiulon.     Vol.  .\xviii,  Nov.  6.  iSiji,  p.  10. 
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/  and  3  are  oppositely  wound,  so  that  they  are  equally  and 
oppositely  polarized,  and  connected  up  in  series  with  the 
rotating  brushes,  R  and  R^,  of  the  generating"  dynamo,  or  of 
the  distributinof  motor-dvnamo ;  these  coils  are  therefore 
traversed  by  an  alternating  current.  The  coil  2  is  con- 
nected, at  one  end  to  the  fixed  brush  F.^^  and  at  the  other 
end  to  the  junction  of  coil  3  with  the  rotating  brush  R^ ;  it 
is  therefore  traversed  by  a  pulsating  current,  and  exerts 
the  chief  magnetizing  effect  upon  the  reciprocating  iron 
core,  with  a  constant  polarity.  Speaking  kinematically  of 
this  combination  of  electro-magnetic  elements,  forming  an 
electro-magnetic  kinematic  chain  composed  of  reciprocating 
pairs,  it  is  seen  that  the  motion  of  the  iron  core  is  deter- 
mined   to    a    definite    extent    by   the    constant    direction 


/ 
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Fig.  14. — The  Van  Depoele  reciprocating  electro  magnetic  drill, 
(polarity)  and  variable  energizing  coil  2,  in  combination 
with  the  variable  direction  (alternating  polarity)  and 
variable  energizing  coils  /  and  j.  Moreover,  the  iron  core,  as 
an  electro-magnetic  link,  under  the  influences  of  its  electro- 
magnetic pairing  with  the  energizing  coils,  has  its  motion 
completely  constrained.  This  electro-magnetic  constrain- 
ment  of  motion  of  the  iron  core  link  of  the  chain,  constitutes 
the  combination  a  true  electro-magnetic  mechanism ;  and 
when  the  electro-magnetic  forces  of  nature  can  be  com- 
pelled to  do  work  through  and  by  this  electro-magnetic 
mechanism,  we  have  a  pure  electro-magnetic  machine.  It  is 
to  be  especially  noted  that  the  enveloping  forms  of  the  pairs  of 
electro-magnetic  elements,  are  such  that  there  is  no  contact 
f    these   elements,  while   in   mechanically-connected  pairs 
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of  elements  the  contact  of  the  enveloping  forms  is  a  neces- 
sary condition  to  the  constrainment  of  motion.  It  is  there- 
fore possible,  in  a  pure  electro-magnetic  mechanism,  to  have 
constrained  motion  without  the  contact  of  material  ele- 
ments. Oftentimes  practical  considerations  preclude  the 
possibility  of  using  electro-magnetically  constrained  motion ; 
and,  it  is  found  best  to  constrain  the  motion  mechanically 
by  the  pairing  of  material  elements;  such  as,  the  cylindrical 
turning  pair  of  elements  in  the  dynamo  or  motor,  and  the 
cylindrical  sliding  pair  of  elements  guiding  the  drill-spindle 
in  the  Van  Depoele  reciprocating  drill. 

Direct  and  Indirect  Electro-magnetic  Machines  are  those  in 
which  the  transmission  of  energy,  through  an  electro-mag- 
netic mechanism,  is  of  a  direct  or  of  an  indirect  character, 
according  to  whether  the  electro-magnetic  forces  act  directly 
at  the  point  of  application  (as  in  the  Van  Depoele  mechan- 
ism), or  indirectly  through  the  intervention  of  other  mechan- 
ism, such  as  a  train  of  wheel-work,  as  in  the  Rowan  ma- 
chine. The  indirect  transmission  is,  in  fact,  through  electro- 
magnetically  actuated  mechanisms  or  devices,  which  are  of 
themselves  essentially  of  another  system  ;  or  which  call  into 
operation  other  forces  of  nature  than  the  electro-magnetic 
forces ;  such  as  the  wheel-train  of  the  Rowan  machine, 
transmitting  the  energy  by  purely  mechanical  means,  from 
the  electro-magnetic  mechanism  of  the  electric  motor  to  the 
drill-spindlu.  It  is  to  be  remarked  that  the  self-fixing  or  clamp- 
ing device  of  the  Rowan  machine,  acting  as  it  does  by  the 
application  of  electro-magnetic  traction,  is  an  example  of  a 
locked  kinematic  chain,  and  that  in  this  particular  case  such 
a  locking,  clutching  or  clamping  action  is  brought  about  by 
the  contact  of  material  elements  in  the  magnetic  circuit. 
TJiere  are,  however,  examples  of  such  a  locking  action  with 
no  contact  of  the  material  elements  of  the  magnetic  circuit, 
as  may  be  seen  in  the  Faraday  copper-disk  type  of  dynamo, 
used  as  a  true  electro-magnetic  clutch  or  brake. 

The  diagram  of  the  cycle  of  operations  of  the  electro- 
magnetic mechanism  of  the  Van  Depoele  machine,  will  be 
presented  in  the  next  paper. 

Vol.  CXXXIII.  10 
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CORRESPONDENCE. 


To  the  Committee  on  Publications  : 

Dear  Sir  : — I  have  read  with  great  interest  Mr.  John  Birkinbine's  article 
upon  the  "  Tig  Iron  Manufacture  of  the  United  States,"  in  which  reference 
is  made  to  some  of  my  own  computations.  May  I  venture  to  call  Mr.  Birk- 
inbine's attention,  as  well  as  that  of  your  readers,  to  the  fact  that  in  my 
somewhat  visionary  indication  of  the  centre  of  the  future  situs  of  the  iron 
industry  of  this  country,  within  a  circle  of  about  150  miles  diameter,  cen- 
tring on  the  Great  Smoky  Mountain  in  North  Carolina,  I  did  not  intend  even 
to  suggest  that  the  whole  matiufactiire  of  pig  iron  would  be  concentrated 
within  that  circle.     Of  course,  such  a  suggestion  as  that  would  be  absurd. 

What  I  did  intend  was  this:  that  if  the  development  of  ore  within  that 
section  should  be  as  great  as  the  indications  appeared  to  show  that  it  would 
be,  that  section  might  become  the  main  source  of  the  pig  iron  supply.  But 
this  would  not  be  inconsistent  with  the  production  of  pig  iron  at  many  other 
suitable  points  in  lesser  measure,  although  that  section  might  become  the 
source  of  the  larger  part. 

Were  I  to  state  the  case  again,  in  view  of  the  more  recent  developments  of 
Bessemer  ores,  I  might  perhaps  take  Cumberland  Peak  rather  than  the  Great 
Smoky  Mountain  from  which  to  extend  a  radius  of  seventy-five  to  100  miles. 
But  of  course  all  such  forecasts  must  be  more  or  less  visionary.  If,  for 
instance,  the  inventions  for  the  electric  concentration  of  ores  should  be  as 
successful  as  their  promoters  hope,  the  low  grade  ores  of  the  other  sections, 
where  they  exist  in  excessive  abundance,  maybe  converted  by  concentration 
into  Bessemer  ores,  thus  putting  a  new  aspect  upon  the  case. 

Again,  if  some  of  the  undertakings  which  are  apparently  very  promising 
in  the  line  of  direct  processes  and  other  methods  of  treating  ore  and  fuel 
should  prove  a  success,  the  so-called  impurities  in  ore  and  coal  may  cease  to 
be  of  consequence,  and  then  the  centre  of  production  might  fix  itself  at  the 
point  at  which  the  greatest  abundance  of  ore,  coal  and  limestone  can  be 
assembled  with  the  least  labor  and  with  the  least  length  of  haul.  Have  we 
yet  begun  to  deal  with  heat  in  any  but  crude  and  wasteful  methods  ? 

It  would,  of  course,  be  an  impertinence  for  one  like  myself,  who  has  no 
scientific  knowledge  of  the  iron  production,  and  who  merely  deals  with  the 
figures  and  facts  as  they  are  presented  at  a  given  date,  to  do  anything 
mire  than  to  call  attention  to  the  accelerated  demand  for  iron  and  steel, 
and  to  the  law  which  pervades  this  branch  of  industry  as  well  as  every 
other,  to-wit,  that  in  proportion  to  the  application  of  science  and  invention 
under  conditions  that  are  free  from  obstruction  by  taxation  or  otherwise,  the 
abundance  of  this  and  every  other  material  is  assured  at  a  lessening  cost  to 
the  consumer,  with  higher  rates  of  wages  or  earnings  to  the  workman,  and 
better  conditions  of  life  for  all.  In  this  particular  instance  the  obstruction 
to  the  import  of  foreign  ores  his.  to  some  extent,  prevented  the  natural, 
working  of  this   beneficent  law.     But  this  is   an    incident,  probably  a   very 
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temporary  one  ;  suffice  it  that  either  at   the  centre  indicated  by  myself  or  at 
some  other  point  not  very  far  from    there,  the  future  centre  of  the  crude  iron 
production  of  this  country  and  of  the    world  will    probably  be  established. 
Yours  very  truly,  Edward  Atkinson. 

Boston,  December  jr,  iSgi . 
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The  Praitual  Catechism. — A  Collection  of  (Questions  on  Technical  Subjects, 
by    Manufacturers   and   Others,  and    of    answers   thereto.      By    Robert 

,  Grimshaw,  M.E.,  Ph.D.  New  York  :  John  Wiley  »It  Sons,  53  East 
Tenth  Street.     1891. 

We  have  here  the  kind  of  book  which  the  poet  must  have  had  in  mind 
when  he  wrote  :  "  I  mean  to  show  things  as  they  really  are,  not  as  they 
ought  to  be,  for  I  avow  that  till  we  see  what's  what  in  fact,  we're  far  from 
much  improvement."  The  reviewer  would  have  rejoiced  in  the  possession 
of  this  book  in  early  days  when,  as  it  seemed,  he  wanted  to  know  about 
many  things,  while  not  a  pointer  could  be  found  to  tell  the  way  to  any  one  of 
them.  Knowledge  like  hidden  treasure  may  have  existed,  but  there  was  no 
known  way  to  it.  If  facts  lie  at  the  foundation  of  science,  here's  abundant 
material  squared  and  smoothed  ready  for  the  building. 

Of  course,  a  pocket  manual  in  diminutive,  as  this,  can't  hold  every- 
thing, but  any  work  well  begun  is  half  done,  and  this  book  gives  earnest 
proof  of  the  truth  of  this  adage. 

Guide  books,  misjudging  common  requirement,  frequently  tell  what  you 
don't  want  to  know  ;  but  such  criticism  fails  here,  for  there's  not  a  page 
that  does  not  show  up  well  of  solid  grains  with  least  chaff — grains  of  truth 
ready  for  the  miller,  and  no  smut  machine  needed.  What  a  refreshing 
treat  it  is  to  get  facts  and  data  already  purified  of  dross  and  well  niuh 
adapted  to  immediate  use  !  Engineering  life  is  too  short  to  wade  through 
long  chapters  to  find  the  meaning  of  a  letter,  or  the  simplest  form  of  a 
usable  formula,  and  at  the  end  conclude  perhaps,  that  the  author  has  been 
"  barking  up  the  wrong  tree,"  for  the  game  the  reader  is  after.  There's  no 
uncertain  sound  here,  and  you  don't  get  off  the  scent  either. 

Taking  a  glance  at  the  mdex  with  its  forty-two  pages,  each  having  fifty  or 
more  references,  the  reader  concludes  that  the  author  has  pretty  numerously 
covered  a  great  variety  of  subjects,  iieginning  at  absorption,  which  is  pro- 
phetic, the  reader  is  conducted  through  acids,  air,  alloys,  dwelling  in  a 
museum  of  aluminium  by  the  angle  of  repose,  through  antifriction  curves 
to  apples  and  aj)plewood.  which  makes  the  best  of  guides,  to  a  checqucred 
array  of  areas,  thence  to  the  atmosphere;  but  it  is  this  way,  in  endless 
variety,  all  the  way  down  the  alphabet.  The  reviewer  must  slop,  however, 
at  bells,  as  one  wishes  to  see  how  things  look  about  home.  This  subject 
reininiU  him  of  xu  i-.nlv  luint  f(jr  belt  data,  whore  the   jjublished   rules  tjave 


148  Book   Notices,  [J.F.  1., 

results  all  the  way  from  ont'  to  five,  a  divergence  altogether  inadmissible  in 
the  realm  of  machine  economy. 

Our  author  of  wide  and  later  research  finds  a  happy  medium  between  utter 
insufficiency  and  enormous  excess,  giving  for  use  the  figures  fifty  to  sixty-six 
pounds  per  inch  of  width,  at  any  velocity,  as  a  fair  carrying  capacity  of  single 
belts,  while  we  may  add  that,  if  forty  to  sixty-six  pounds  be  taken,  these 
figures  will  embrace  those  concluded  upon  by  many  good  modern  authori- 
ties, who  stand  squarely  upon  successful  practice. 

It  seems  idle  to  dwell  upon  so  small  a  matter,  but  it  takes  a  great  deal  of 
time  and  a  wide  experience  often  to  arrive  at  a  simple  general  statement  or 
rule,  which  will  compass  the  needs  of  usual  practice  ;  in  this  boak  we  have 
much  of  this  kind  of  data  in  a  very  get-at-able  shape. 

The  many  sources  from  which  this  matter  has  been  obtained,  must  give 
it  value,  and  the  occasions  and  opportunities  for  securing  it  being  rare  and 
fruitful,  must  add  to  and  greatly  reinforce  that  value.  Out  of  the  great  mass 
of  material,  a  judicious  selection  has  been  made,  such  as  would  benefit  the 
largest  number  of  practical  men  ;  to  this  class  of  readers  the  author  com- 
mends his  work,  and  the  reviewer  seconds  his  invitation  to  the  feast  of  facts> 
which  he  has  prepared  and  set  forth  in  this  little  volume.  J.  H  C. 


The  Metallurgy  of  Silver,  Gold  and  Mercury  in  the  United  States.  By 
Thomas  Eglesion,  LL.D.,  etc.  Vol.  II.  Gold  and  Mercury.  New  York  : 
John  Wiley  &  Sons.     i8go. 

The  review  of  the  second  volume  has  been  so  long  delayed  (through  no 
fault  of  the  Franklin  Institute)  that  much  which  would  otherwise  have  been  said 
is  rendered  unnecessary,  inasmuch  as  other  reviews  have  said  it.  This  volume 
is  a  great  improvement  over  the  first,  both  on  account  of  what  it  contains  and 
of  what  it  omits.  Its  eight  chapters,  covering  901  pages,  contain  much  inte- 
resting and  important  matter.  The  historical  part  of  the  subject,  while  not 
always  free  from  error,  is  well  treated,  and  shows  evidence  of  careful 
research. 

The  illustrations  and  descriptions  of  the  various  kinds  of  mining,  with  the 
statistics  of  cost,  will  make  this  book  always  necessary  as  a  book  of  reference. 
The  pages  devoted  to  the  measurement,  management  and  cost  of  water  are 
full  of  important  matter,  as  are  those  on  "debris  litigation."  The  processes 
of  drill  mining  and  the  description  of  the  preparation  works  follow  those  of 
flumes,  ditches  and  sluices. 

After  the  mills  comes  the  metallurgical  operation  of  roasting.  The  leach- 
ing and  quartation,  the  melting  and  minting,  occupy  seven  of  the  eight 
chapters,  and  798  of  the  900  pages.  The  last  chapter  is  devoted  to  mercury, 
its  ores,  its  treatment  and  production,  and  its  cost. 

Altogether  it  may  be  said  to  be  the  most  complete  compendium  of  the 
prospecting,  mining,  producing  and  assaying  of  gold  and  mercury  which 
can  be  found  in  the  language.  A  very  full  index  makes  the  work  still  more 
valuable.  It  will  be  a  necessity  in  the  library  of  all  who  are  interested  in 
the  subjects  treated,  and  who  can  afford  to  buy  it.  F. 
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The  Phosphates  of  America.  When  and  How  they  Occur;  How  they  are 
Mined  and  what  they  Cost,  with  Practical  Treatises  on  the  Manufacture  of 
Sulphuric  Acid,  etc.  By  Francis  Wyatt.  Second  edition.  New  York: 
The  Scientific  Publishing  Company. 

This  is  a  valuable  book  of  178  pages,  royal  8vo,  which  gives  besides  a 
general  introduction  on  the  agricultural  side  of  phosphates,  a  history  of  the 
apatite  mines  of  Canada,  belonging  to  the  Archean  division  of  the  geological 
scale,  and  the  bone  or  rock  phosphates  of  the  Cenozoic  age  in  South  Caro- 
lina and  Florida.  The  manner  of  occurrence,  relation  to  the  surrounding 
rocks,  methods  of  exploitation  and  of  mining,  the  laws  relating  to  the  sub- 
ject and  the  statistics  of  production  are  all  given  with  the  succinctness  and 
method  of  one  who  is  a  master  of  this  subject  and  who  is  familiar  with  the 
presentation  of  philosophical  papers.  It  is  illustrated  richly  by  photo-engrav- 
ings which  add  very  much  to  the  clearness  of  the  work. 

Chapter  VI H  is  consecrated  to  the  best  methods  of  phosphate,  limestone, 
pyrites,  etc.,  analysis,  and  this  is  thoroughly  taken  up. 

The  last  eleven  pages  of  the  work  are  concerned  with  directions  for  the 
preparation  of  the  necessary  laboratory  reagents,  useful  tables  for  computa- 
tion, etc. 

It  covers  a  field  entirely  its  own  and  covers  it  so  well  that  it  must  be  acces- 
sible to  any  one  who  is  interested  in  phosphates  ;  indeed,  even  if  the  book 
were  only  half  as  reliable  as  it  is,  the  chemist,  geologist,  manufacturer  and 
shipping  merchant  would  need  it  for  reference.  F. 


Thi'  Washini^ton  Uridine  oiur  the  Harlem   Riiwr  at  Otie-hundrt'd-and  eighty' 

first  Street,  Xt-tJ   York.     A  description  of  its  construction.     Hy  William 

R.  Hutton,  Chief  Kngineer.     New  York:   Leo  von  Rosenberg.     Price,  58. 

The  monograph  above  cited  is  siniihtr  in  style  to  other  publications, 
descriptive  of  special  engineering  works,  issued  by  the  same  publisher.  It 
forms  in  itself  an  exhaustive  description  of  the  important  structure  of  which 
it  treats,  and  will  prove  a  most  valuable  work  for  the  bridge  designer  and 
constructor,  for  whom  it  is  specially  intended. 

As  will  be  inferred  from  the  foregoing  remarks,  the  feature  of  the  work 
which  gives  it  its  peculiar  value  to  the  specialist  resides  in  the  illustrations, 
whicn  comprise  general  views  and  plans,  views  of  the  work  in  different  stages 
of  completion,  views  of  the  completed  structure,  of  the  iron  work,  of  the  details 
of  the  masonry  and  superstructure,  etc.  These  illustrations  give  a  complete 
description  of  the  bridge  from  the  engineering  standpoint. 

The  text  covers  a  descriptive  account  of  the  construction,  and  copies  of 
the  contract  and  specifications,  which,  with  the  wealth  of  illustrations,  con- 
stitute one  of  the  most  complete  and  satisfactory  monographs  that  it  has 
been  our  pleasure  to  notice  in  these  columns. 

We  cannot  refrain  from  special  commendation  of  the  illustrations,  which 
are  executed  in  admirable  style,  and  of  the  mechanical  excellence  of  the 
work  as  a  whole,  which  reflects  credit  on  the  publisher.  The  engmeerinj^ 
profession  in  America  will,  no  doubt,  duly  appreciate  these  facts.  W. 
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ANNUAL  REPORT  of  the   BOARD  OF  MANAGERS  of  the 
FRANKLIN  INSTITUTE. 

(For  1891.) 


The  Board  of  Managers  of  the  Franklin  Institute  of  the  State  of  Penn- 
sylvania for  the  Promotion  of  the  Mechanic  Arts,  respectfully  presents  the 
following  report  of  the  operations  of  the  Institute  for  the  year  1891  : 


MEMBERS. 


Members  at  the  close  of  1890, 2,169 

Number  of  new  members   elected  who  have  paid 

their  dues 112 


Lost  by  death  or  resignation, 99 

Dropped  for  non-payment  of  dues, ioq 


2,281 


208 


Total  memberbhlp  at  close  of  1890, 


2,075 


FINANCIAL   STATEMENT. 


Balance  on  hand  January  i,  1891, 


Receipts 


Contributions  from  members,  annual,  . 

Contributions  from  members,  life,     .    .    . 

Certificates  of  stock,  second  class,    .    .    , 

Income  from  legacy  of  Geo.  S.  Pepper,  . 

Income  from  estate  of  John  Turner  ,  .    . 

Income  from  Bloomfield  Moore  fund,  . 

Income  from  memorial   library  fund,  . 

Interest  on  investments  new  building  fund, 

Interest  on  B.  H.  Bartol  fund, 

New  building  fund  subscriptions,  .... 

Interest  on  investment  of  Institute  funds, 

Temporary   loan, 

Cash  from  subscriptions  to,  and  sales  of,  the 
Journal,  fees  for  drawing  school  and 
other  sources, 


$5,771  00 

580  00 

60  00 

1,034  30 

13  25 

750    GO 

57  17 
340  00 

60  00 
150  00 

794   GO 
3,200   00 


10,248  66 


$657  71 


23,058  3a 


^5523,716  09. 
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Payments  : 

Committee  on   library, >  1.703  03 

Committee  on  instruction, 2,573   12 

Curators 2,238  20 

Salaries  and  wages 4,420  91 

Insurances 900  00 

Bloomfield  Moore  fund  expenditures.  .    .    .  683  78 

Memorial  library  fund  expenditures,  ...  3'   69 

Investment  memorial  library  fund 105  20 

Board    of    Trustees,    subscription    to    new 

building  fund 150  00 

Temporary    loan 2,200  00 

Interest  on   temporary   Io»n 85  84 

Other  expenditures, 8,274  65 

523,366  42 


Balance  on  hand,  December  31,  1891, $349  67 

LIBRARY. 

The  additions  made  to  the  Institute's  collection  of  books  and  miscella- 
neous publications  during  the  past  year  have  been  somewhat  greater  than 
the  average  of  late  years,  exhibiting  an  increase  of  about  thirty  per  cent, 
over  the  figures  of  the  previous  year. 

The  details  of  the  operations  of  the  library  appear  in  the  committee's 
annual  report  to  which  the  board  refers. 

No  change  has  been  found  necessary  or  desirable  in  the  rules  regulating 
the  use  of  the  library  by  the  public,  which  shows  a  steady  increase,  and  but 
one  case  of  the  abuse  of  the  non-members'  privilege  has  been  reported  by 
the  committee. 

The  Committee  on  the  Library  has  strongly  urged  upon  the  board  the 
necessity  of  taking  measures  looking  to  the  more  adequate  protection  of  the 
building  against  destruction  by  fire,  and  at  the  present  time,  several  suggested 
plans  for  accomplishing  this  object  are  under  consideration.  In  con- 
nection with  this  important  subject,  the  board  desires  to  call  attention  to  the 
fact  that  the  very  limited  financial  resources  of  the  Institute  interpose  a 
serious  obstacle  to  carrying  any  suitable  plan  into  etTect. 

THE   JOURNAL. 

The  annual  report  of  the  Chairman  of  the  Committee  on  Publications, 
exhibits  the  fart  that  the  y<^'///v/<// has  continued  to  be  self-supporting  during 
the  past  year.  The  board  desires,  however,  to  emphasize  the  fact  that  this 
condition  of  things  is  due  in  much  larger  measure  to  good  management  than 
to  the  generous  patronage  of  the  members  of  the  Institute. 

In  evidence  of  this  it  will  suffice  to  state  the  fact  that  of  the  total  income 
of  the  Journal,  from  subscriptions,  advertisements,  sales  of  copies,  etc.,  less 
than  ten  per  cent,  is  derived  from  the  membership  of  the  Institute. 
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While  expressing  its  satisfaction  with  the  present  direction  of  the  affairs 
of  the  Journal,  the  board  renews  its  recommendation  to  members  to  support 
it  more  liberally. 

It  is  the  only  record  in  which  the  educational  and  scientific  work  of  the 
Institute  is  preserved,  and  the  only  means  by  which  its  activity  is  made 
known  to  the  world,  and  has  contributed  more  powerfully  than  all  the  other 
agencies  at  our  command  to  establish  and  sustain  the  high  reputation  which 
the  Institute  enjoys.  The  Committee  on  Publications  at  present  is  carefully 
considering  certain  plans  for  extending  the  influence  and  usefulness  of  the 
Journal,  which,  when  matured,  it  is  hoped,  will  meet  the  cordial  approbation 
of  the  members. 

COMMITTEE   ON   SCIENCE   AND   THE   ARTS. 

The  record  of  the  work  of  the  Committee  on  Science  and  the  Arts  during 
the  past  year  is  highly  creditable. 

The  number  of  cases  upon  which  reports  were  made  is  about  the  same 
as  in  the  previous  year,  and  of  these,  several  were  of  unusual  importance, 
and  entailed  great  labor  in  their  investigation.  The  committee  is  about  to 
enter  upon  the  sixth  year  of  its  existence  as  an  elected  body,  and  the  greatly 
increased  efficiency  of  its  work  affords  conclusive  evidence  of  the  wisdom 
of  the  change  effected  in  its  organization. 

The  board  refers  to  the  annual  report  of  the  Chairman  of  the  Committee 
for  the  details  of  its  work. 

LECTURES. 

The  Committee  on  Instruction  has  found  no  cause  to  depart  from  its 
policy  pursued  for  the  past  five  or  six  years,  of  inviting  men  of  note  to 
lecture  before  the  Institute,  and  thanks  to  the  zealous  co-operation  of  the 
professors,  the  committee  has  been  enabled  to  offer  the  members  a  series  of 
lectures  of  excellent  character. 

The  lectures  delivered  under  the  committee's  auspices  during  the  year 
1891,  numbered  thirty-one,  of  which  seventeen  were  of  such  scientific  import- 
ance or  technical  interest  as  to  warrant  their  publication  in  the  Journal. 

THE    DRAWING   SCHOOL. 

The  number  of  pupils  in  the  Drawing  School,  in  1891,  exceeded  that  of 
any  previous  year,  and  the  board  is  gratified  to  be  able  to  assure  the  Insti- 
tute of  the  continual  efficiency. 

The  figures  of  attendance  are  as  follows  : 

At  the  spring  term  of  1891, 247 

At  the  winter  term  of  1891 258 

Total, 505 

An  increase  of  thirty-two  over  that  of  the  previous  year. 

SECTIONS. 

The  past  year  exhibited  a  gratifying  growth  of  interest  in  this  branch  of 
the  Institute  work. 
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An  inspection  of  the  annual  reports  of  the  Chemical  and  Electrical  Sec- 
tions, appended  hereto,  will  show  considerable  additions  to  the  membership 
and  an  increase  in  the  amount  of  work  accomplished.  The  papersr  ead  at 
the  section  meetings  afford  very  desirable  material  for  iht  Journal,  and  add 
greatly  to  its  interest,  but  the  greatest  benefit  of  the  sections  is  to  be  found 
in  the  stimulus  they  give  to  the  work  of  original  research,  which  cannot  be 
overestimated. 

STATE   WEATHER    SERVICE. 

The  failure  of  the  State  to  continue  the  appropriation  for  the  expenses  of 
the  State  Weather  Service  compelled  the  Committee  on  Meteorology  to 
abandon  the  publication  of  the  monthly  reports.  The  committee  has  been 
enabled,  however,  with  the  assistance  of  the  United  States  Weather  Service, 
to  maintain  the  organization  of  its  work  in  the  several  counties  of  the  State, 
and  to  continue,  as  heretofore,  the  collection  of  meteorological  data,  which  are 
duly  preserved,  and  which  it  hopes  in  time  to  be  able  <o  put  in  print.  It 
is  the  committee's  hope  that  at  the  next  session  of  the  Legislature,  the 
appropriation  for  the  continuance  of  this  important  work  will  be  granted. 

GENERAL    REMARKS. 

It  is  greatly  to  be  regretted  that  the  amount  of  receipts  for  membership 
is  less  than  that  of  the  previous  year,  and  that  the  flattering  exhibit  of  the 
year  1889  has  not  been  maintained.  The  active  work  which  was  accom- 
plished during  1889  ^Y  ^^^  Committee  on  .Membership,  seems  to  have  lan- 
guished, and  to  this  must  be  attributed  almost  entirely  the  falling  off  in  the 
accession  to  membership. 

As  a  consequence,  the  financial  exhibit  for  the  coming  year  is  not  an 
encouraging  one.  With  a  city  of  over  1,000,000  inhabitants,  and  pre- 
eminently a  manufacturing  city,  there  is  no  practical  reason  why  an  institu- 
tion organized  as  the  Franklin  Institute  is  for  the  promotion  of  the  mechanic 
arts,  established  for  nearly  seventy  years,  and  doing  the  effective  work  that 
is  here  done,  should  not  have  at  least  5,000  members. 

There  is  no  sounder  method  of  promoting  the  efficiency  of  such  a  school 
than  this,  and  every  cent  added  to  its  income  adds  so  much  more  to  the 
actual  wealth  of  the  city  through  its  manufacturing  interests. 

Will  not  those  who  are  members  and  those  who  are  not,  give  this  subject 
their  serious  consideration,  and  act  for  the  good  of  the  Institute  and  for  the 
manufacturing  interests  of  the  city,  the  former  by  obtaining  new  members, 
and  the  latter  by  becoming  members  themselves  ? 

Attention  has  already  been  called  to  the  very  limited  resources  of  the 
Institute,  interposing  a  serious  obstacle  to  the  adoption  of  any  plan  for  the 
proper  protection  of  the  building,  and  its  valuable  library  from  fire. 

This  poverty  of  resources  is  felt  in  all  the  operations  of  the  Institute, 
seriously  restricting  the  extent  of  its  work  and  depriving  the  membership 
and  the  community  of  advantages  that  would  be  of  incalculable  value  to 
mechanics  and  artisans.  With  a  new  b'uilding  and  fire-proof  library,  with 
laboratories  properly  equipped,  the  Institute  could  use  its  great   latent  force 
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as  a  centre  of  unrivalled  influence  in  the  field  of  mechanic  arts.  It  only- 
needs  an  impetus  on  the  part  of  some  of  our  large-hearted  citizens  to  accom- 
plish this  purpose  so  long  cherished  and  heretofore  fruitlessly  attempted. 

By  order  of  the  Board, 
[signed]  Jos.  M.  Wilson, 

Presidents 
Hall  of  the  Institute, 

Philadelphia,  January  13,  1892. 


ANNUAL  REPORT  of  the  COMMITTEE  on  the  LIBRARY. 

(For  1 891.) 

Philadelphia,  January  12,  1892. 
To  the  Pt'csident  and  Members  of  the  Institute  : 

The  Committee  on  Library  respectfully  reports  the  following  summary 
statement  of  the  operations  of  the  library  during  the  past  year. 
During  the  year  the  following  additions  were  made  : 

Bound  volumes, 1,508 

Unbound  volumes, 660 

Pamphlets 2,211 

Miscellaneous  publication"^, 183 

Total  additions, 4,562 

Being  an  increase  over  the  previous  year  of    .    .    .  1,263 

The  total  number  of  volumes  in  the  library  at  the 

close  of  1890  was 35,oi5 

The  additions  of  1891  numbered 2.168 

Making  the  number  of  volumes  at  the  end  of 

the  year  1891, 37,183. 

The  total  number  of  pamphlets  in  the  library  at  the 

close  of  1890  was .*    .    .     20,982 

The  additions  in  1891  numbered 2,211 

Making  the  number  of  pamphlets  at  the  close 

o'"  i«9' 22,183, 

The  miscellaneous  publications,  such  as  maps  and 
charts,  designs  and  drawings,  photographs,  litho- 
graphs, manuscripts,  etc.,  at  the  close  of  1891 
"umber ^^,2 

In  addition  to  the  above,  the  library  possesses,  in  duplicates,  as  follows-: 

Bound  and  unbound  volumes,  ^ i  cic 

Pamphlets * ^^55^ 

Periodicals  (numbers), 2  iia 
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The  number  of  periodicals  and  publications  of  societies  received  by  the 
library  in  exchange  for  the  /nurna/  of  the  Institute,  at  the  close  of  the  year 
1 89 1  was  380. 

Among  the  noteworthy  additions  made  during  the  past  year,  there  should 
be  named  the  patent  reports  of  Switzerland,  a  complete  set  of  which  was 
presented  to  the  Institute  by  the  Swiss  Government,  also  a  number  of 
important  chemical  journals,  contributed  by  the  Chemical  Section  ;  while  the 
increased  income  received  from  the  Bloomtield  H.  Moore  Fund  has  enabled 
the  committee  to  increase  considerably  the  number  and  value  of  its  pur- 
chases from  this  endowment. 

The  committee  finds  that  the  regulations  relating  to  the  use  of  the  library 
for  reference  by  non-members,  which  were  put  in  force  in  1887,  though 
imposing  considerable  extra  labor  upon  the  librarian  and  his  assistants, 
afford  a  satisfactory  solution  of  what,  previous  to  that  time,  had  been  a 
troublesome  problem.  During  the  past  year,  only  a  single  case  was  reported 
in  which  the  privileges  were  abused.  The  value  placed  by  the  public  upon 
the  privileges  granted,  is  shown  by  the  fact  that  during  the  year,  nearly  i,ooa 
non-members  visited  the  library,  consulting  over  4,250  books  and  periodicals, 
of  which  more  than  three-fourths  were  patent  reports,  and  the  remainder,, 
volumes  and  pamphlets  on  miscellaneous  subjects. 

The  committee  regrets  that  the  chronic  difficulty  of  lack  of  space  is  felt 
with  increasing  severity,  as  time  passes. 

At  the  committee's  urgent  solicitation,  the  board  has  made  provision  for 
the  better  protection  of  the  library  from  destruction  by  fire,  by  authorizing 
the  covering  of  a  number  of  exposed  windows  with  fire-proof  shutters,  which 
will  soon  be  put  in  place.  Respectfully  submitted, 

[sig.nkd]  \V.  F.  Tatha.m, 

•  Chairman  of  Committee  on  the  Library. 


ANNUAL  REPORT  of  thp:  COMMITTEE  o.s  SCIENCE  .\nd  the  ARTS. 

(For   1 89 1.) 


Hall  of  thi:  Institite, 

Philadelphia,  January  4.  1892. 

To  the  IWsident  and  Members  of  the  Franklin  Institute  : 

The  chairman  of  the  Committee  on  Science  and  the  Arts  respectfully 
submits  the  following  report  of  the  operation  of  the  committee  for  the  year 
ending  December.  1891  : 

At  the  opening  of  this  year,  there  were  forty  applications  for  examination 
under  consideration  and  awaiting  action. 

The  number  of  new  a|>plications  received  during  the  year  is  .       53 

Of  these  there  were  accepted  for  examination  and  report,  46 

There  were  declined ^ 

And  withdrawn, 

The  number  of  reports  considered  was  .  54 
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Adopted  finally, 4^ 

Advisory  reports  adopted, 3 

Applications  dismissed  for  insufficient  information, 9 

Applications  under  consideration  by  sub-committee  at  end  of 

year, 4^ 

Reports  pending  action  of  committee 8 

The  recommendations  of  award  of  medals  during  the  year  were : 

Of  EUiott  Cresson  Medals 3 

Of  the  John  Scott  Legacy  medals  and  premiums, 17 

Medals  granted  and  delivered  during  the  year : 

Elliott  Cresson  Medals, 3 

John  Scott  Legacy  Medals  and  Premiums 15 

Edward  Longstreth  Medals 5 

Certificates  of  Merit 2 

Medals  awarded  and  held  pending  advertisement : 

Elliott  Cresson, 2 

John  Scott  Legacy 4 

One  protest  against  an  award  made  by  the  committee  has  been  received, 
which  upon  investigation  did  not  appear  to  be  sustained  by  evidence  and 
was  dismissed. 

Several  of  the  examinations  made  by  the  sub-committee  during  the  past 
year  embraced  subjects  of  unusual  interest  and  importance  in  the  arts  and 
involved  in  several  cases  a  great  deal  of  painstaking  and  exhaustive  research, 
and  more  than  usual  expenditures  in  conducting  them. 

During  this  year  a  regulation  has  been  operative  requiring  with  each 
accepted  application  for  examination  the  deposit  of  $5  with  the  actuary  to 
defray  the  cost  of  necessary  printing  and  illustration  and  searches  into  the 
state  of  art  as  shown  in  patent  records,  which  regulation  has  been  cheer- 
fully acquiesced  in  by  the  applicants,  and  has  been  found  to  facilitate  the 
work  of  ihe  sub-committee  by  avoiding  the  delays  incident  to  procuring 
such  assistance  through  a  correspondence  between  sub-committees  and 
applicants  through  the  secretary. 

The  classification  and  indexing  of  reports  has  been  continued  to  date, 
and  the  addition  to  the  indices  to  reports  will  appear  in  the  Journal  in  due 
course. 

During  the  year  the  committee  has  completed  the  arrangements  for  tests 
of  hot-water  heaters,  in  prescribing  appliances  to  be  used  and  regulations  to 
govern  such  tests,  in  compliance  with  the  request  of  the  publishers  of  the 
Metal  Worker,  and  the  making  of  such  tests  by  the  advanced  students  of  the 
engineering  classes  of  the  University,  under  the  supervision  of  a  sub-com- 
mittee, has  been  arranged  by  Prof.  H.  W.  Spangler  in  a  most  satisfactory 
jnanner. 

The  receipts  during  the  year  from  all  sources  were    ....  5^609  21 
Expenditures, 600  14 


Showing  a  balance  in  the  committee's  favor,  of  .    .        .      $9  07 
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The  work  of  the  committee  has  been  a  source  of  income  from  the  profit 
of  sales  of  extra  editions  of  the  Journal  containing  reports  of  the  com- 
mittee, which  profits  reappear  in  the  receipts  of  the  Committee  on  Publi- 
cations. 

The  record  of  this  year  is,  upon  the  whole,  a  satisfactory  showing  that 
the  committee  has  fully  worked  up  to  the  facilities  afforded,  and  the  character 
of  inventions  submitted  for  examination  and  the  increasing  demand  for 
publications  containing  their  reports  clearly  indicate  public  appreciation  and 
approval.  S.  Llovd  Wiegand, 

[signed]  Chairman. 


REPORT  OF  THE  CHEMICAL  SECTION, 
(For   1891.) 


.Mr.  Joseph  .1/.   Wilson,  l^csident  Franklin  Institute. 

Sir  : — I  have  the  honor  to  submit  the  following  report  of  the  proceedings 
of  the  Chemical  Section,  for  the  year  1891  • 

A  consideration  of  the  present  condition  of  the  section,  and  also  of  its 
history  during  the  past  year,  shows  that  it  has  made  very  satisfactory  progress 
for  that  interval.  The  work  was  prosecuted  with  the  aid  of  the  following 
officers  : 

Presiilent Dk.  Wm.  \\.  Wahl. 

,r-      r.       y     /  (  Mr.  H.  Pe.mkerton.  Jr. 

\  ue-Presitlint^, .    .    ^  ^ 

(  Dr.  Wm.  H.  (;rei;\e 

Secretary, Dr.  Wm.  C.  Day. 

Treasurer, ....  Dr.  H.  W.  Jav.nk. 

Conseri'ator Dr.  Wm.  H.  W.vhl. 

Stated  meetings  were  held  as  required  by  the  by-laws,  on  the  third 
Tuesday  of  each  month,  excepting  July  and  August. 

Membership  :  The  number  of  members  on  the  treasurer's  books  at  the 
beginning  of  the  year  was  seventy-two  ;  since  that  time  twenty  new  members 
have  been  elected,  eight  have  resigned,  and  two  were  dropped  for  non-pay- 
ment of  dues;  this  making  a  net  gain  of  ten,  or  a  total  membership  of 
eighty-two. 

Finances :  The  report  of  the  treasurer  recently  submitted  to  the  Section 
shows  that  the  total  receipts  from  various  sources  during  the  year  exceeded 
the  expenditures,  leaving  a  cash  balance  in  the  treasurer's  hands  at  the  close 
of  the  year. 

The  attendance  u|)on  the  meetings  has  been  satisfactory  throughout  the 
year,  and  fully  equal  to  that  of  1890. 

The  highest  purpose  that  the  section  can  serve  is,  of  course,  m  its  capacity 
as  a  medium  for  encouraging  and  stimulating  original  research  among 
chemists.  That  this  purpose  has  been  promoted  during  the  past  year  is  well 
demonstrated    by    the   fact  tha'   twenty-nine   papers,    giving  the   results   of 
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original  investigation,  were  read  before  the  section  and  published  in  the 
Journal  of  the  Institute.  In  addition  to  these,  four  other  communications 
were  presented,  thus  making  a  total  of  thirty-three  subjects  of  scientific 
interest  which  were  considered  at  ten  regular  meetings. 

Very  respectfully  submitted, 

Wm.  C.  Day,  Secretary. 


REPORT  OF  THE  ELECTRICAL  SECTION. 
(For  1891.) 


TJie  Prtsidoit  a)id  Members  of  the  Franklin  Iiistitiite  : 

The  Secretary  of  the  Electrical  Section  begs  leave  to  present  the  follow- 
ing report  of  the  proceedings  of  the  section,  for  1891  : 

An  application  for  the  formation  of  an  Electrical  Section,  made  in 
accordance  with  section  3,  of  article  xi,  of  the  by-laws,  was  presented  to 
the  Board  of  Managers  and  approved  by  them,  and  reported  to  the  Institute 
with  the  names  of  the  founders,  at  its  stated  meeting,  December  17,  1890. 
After  two  preliminary  meetings,  the  section  was  organized  on  February  24, 
1 891,  by  the  adoption  of  its  by-laws  and  the  election  of  the  following 
officers : 

President, Prof.  Edwin  J.  Houston. 

Vice^Presidents, |  M^-  ^^^^  Hering. 

(.  Mr.  Pedro  G.  Salom. 

Secretary Prof.  L.  F.  Rondinella. 

Treasurer, ]  „      ,,,      tt   ^tt 

\  Dr.  Wm.  H.  Wahl. 
Conservator, J 

The  membership  has  increased  from  sixteen  founders  to  sixty-eight  active 
and  associate  members  now  on  the  roll,  and  the  section  has  lost  two  mem- 
bers by  resignation  and  one  by  death. 

Seven  stated  meetings  have  been  held,  in  accordance  with  the  section's 
by-laws,  on  the  first  Tuesday  of  each  month  excepting  July  and  August, 
with  an  average  attendance  of  thirty  members  and  visitors  at  each  meeting. 

The  communications  that  have  been  presented  during  the  year,  may  be 
found  printed  in  full  in  the  Journal  of  the  Institute,  and  in  the  present 
volume  of  the  Proceedings  of  the  section. 

In  addition  to  these,  many  open  questions  have  been  discussed,  and  several 
electrical  devices  have  been  exhibited  and  described,  so  that  every  meeting 
has  been  interesting  and  profitable. 

The  growth  of  the  section  in  every  way  during  the  short  period  of  its 
existence  has  been  very  gratifying,  and  it  is  hoped  and  believed  that  it  will 
continue  in  the  future,  so  that  its  work  may  assist  in  maintaining  the  scien- 
tific/r^j^d'  of  the  Institute  in  the  department  of  electricity. 

Respectfully  submitted, 

L.  F.  Rondinella,  Secretary. 
Philadelphia,  January  ^,  i8g2. 


Feb.,  1892.]  Proceedings,  etc.  159 


Franklin    Institute. 


\ Proceedings  of  the  annual  meetini^,  held  Wednesday,  January  20,  iSg2.'\ 

Hall  of  the  Franklin   Institute, 

I^HILADELPHIA,  January  20,  1802. 

Mr.  Jos.  M.  Wilson,  President,  in  the  chair. 

Present,  174  members  and  thirty-four  visitors. 

Additions  to  membership  since  last  report,  seven. 

The  annual  reports  of  the  Board  of  Managers,  and  of  the  Standing  Com- 
mittees were  presented  and  accepted.  (The  reports  appear  elsewhere  in  this 
impression  of  \\\q  Journal.) 

.Mr.  Henry  (i.  Bryant  gave  an  account  of  his  expedition  successfully 
undertaken  in  the  autumn  of  last  year,  to  the  Falls  of  the  Grand  River, 
in  Labrador.  The  speaker  illustrated  the  subject  by  the  exhibition  of  a  series 
of  lantern  slides,  from  photographs  taken  by  himself.  The  speaker  was 
heartily  applauded  for  hi;;  extremely  interesting  presentation  of  the  subject. 

Prof.  Lewis  ^L  Haupt,  by  invitation,  described  the  project  of  a  ship  canal 
across  New  Jersey,  to  unite  New  York  and  Philadelphia,  and  set  forth 
the  advantages — commercial  and  military — to  be  anticipated  from  the  con- 
struction of  such  a  navigable  water-way.  At  the  close  of  Prof.  Haupt's 
remarks,  Mr.  Heyl  offered  the  following  preamble  and  resolution,  which  were 
adopted,  viz  : 

Recognizing  the  national  importance  of  the  proposed  ship  canal  connect- 
ing the  waters  of  the  Delaware  River  and  Raritan  Bay,  in  the  interest  of 
manufacturing  and  mercantile  industries. 

The  F'ranklin  Institute  of  the  State  of  Pennsylvania  hereby  resoliu-s,  that 
a  committee  of  three  of  its  members  be  appointed  to  cooperate  with  similar 
committees  of  the  New  York  Board  of  Trade  and  Transportation,  and  of  the 
Trades  League  and  other  organizations  of  Philadelphia,  in  their  endeavors 
to  carry  the  following  resolution,  recently  adopted  by  them,  mto  effect : 

Resolved,  That  the  Members  of  Congress  from  this  Slate  be  requested  to 
urge  the  introduction  of  an  item  in  the  river  and  harbor  bill,  making  an 
appropriation  of  a  sum  not  less  than  525,060  for  an  examination,  survey,  and 
report  upon  a  twenty-four  foot  navigable  channel  between  Raritan  Bay  and 
the  Delaware  River;  said  appropriation  to  be  expended  by  a  commission  to 
be  composed  of  one  citizen  from  each  of  the  States  of  New  York.  Pennsyl- 
vania and  New  Jersey,  to  be  appointed  by  the  (Governors  thereof,  and  one 
officer  of  the  United  States  Corps  of  Engineers,  one  officer  from  the  Navy, 
and  one  officer  from  the  United  States  Coast  Survey. 

.Mr.  John  Carbutt  exhibited  a  suite  of  beautifully  colored  lantern  views, 
by  Japanese  artists,  relating  to  the  recent  destructive  carthijuakc  that  h.id 
devastated  a  portion  of  Japan.     (The  pjc  inrr^  ufre  obtainetl  fio  n  ihc  rol- 
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lection  of  Dr.  Edward  Williams.)  Mr.  W.  N.  Jennings  showed  an  interesting 
series  of  pictures  illustrative  of  street  scenes  in  Boston. 

The  Secretary's  report  was  devoted  to  a  description  of  a  collection  of 
interesting  specimens  illustrating  the  most  recent  advances  in  the  appli- 
cation of  aluminium  in  the  arts,  which  were  shown  by  the  courtesy  of  the 
Pittsburgh  Reduction  Company.  These  specimens  will  be  specially  described 
in  the  lecture  of  Mr.  A.  E.  Hunt  on  "Aluminium,  from  an  Engineering 
Standpoint,"  which  will  appear  in  \}sxt,  Journal  2X  an  early  date. 

The  tellers  of  the  annual  election  made  their  report  of  the  result  of  the 
election  held  this  day,  between  the  hours  of  4-8  P.  M.,  and  were  discharged 
with  a  vote  of  thanks.  The  President  thereupon  declared  the  result  of  the 
election  to  be  as  follows  : 


For  Prcside7tt 


(to  serve  one    year). 


Vice-president  ( 

Secretary  ( 

Treasurer  ( 

Auditor  ( 


three  years), 
one     year), 

"    ). 
three  years), 


.  Jos.  M.  Wilson. 
.  Edward  Longstreth, 
.  Wm.  H.  Wahl. 
.  Samuel  Sartain. 
.  Wm.  a.  Cheyney, 


For  Managers  (to  serve  three  years), 

John  E.  Codman,  John  Lucas, 

George  V.  Cressox,  Sam'l  P.  Sadtler, 

Edwin  J.  Houston,  Wm.  H.  Thorne, 

Enoch  Lewis,  John  C.  Trautwine,  Jr. 

For  members  of  the  Committee  on  Science  and  the  Arts  (to  serve  three  years), 


L.  L.  Cheney, 
Arthur  Church, 

C.  M.  Cresson, 
James  Christie. 

D.  E.  Crosby, 


J.  M.  Emanuel, 
J.  L.  Gill,  Jr., 
J.  F.  Haskins, 
Carl  Hering, 
S.  R.  Marshall, 


Wm.  McDevitt, 
C.  E.  Ronaldson, 
Samuel  Sartain, 
T.  C.  Smith, 
S.  L.  Wiegand. 


Adjourned. 


Wm.  H.  Wahl,  Secretary^ 
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BEARING    METAL  ALLOYS.* 


By  C.  B.  Uudlev,  Ph.D.. 
Chemist  to  the   Pennsylvania   R.   R.  Co. 


\_Conclu(ied  from   p.  qj."] 

It  will  be  observed  that  the  method  was  to  compare  the 
relative  loss  of  metal  by  wear  of  various  alloys  with  a  cer- 
tain standard  alloy.  It  should  be  stated  that  likewise  obser- 
vations were  made  on  the  behavior  of  the  experimental  alloys 
as  to  heating.  No  observations  were  made  as  to  the  difference 
in  friction  with  the  different  alloys.  This  field  is  entirely 
unexplored,  so  far  as  I  know.  The  first  test  was  a  compari- 
son of  the  old  copper-tin  alloy  with  the  standard  phosphor- 
bronze  bearing  metal.  The  results  obtained  were  as  fol- 
lows : 

*  Abstract  of  a  lecture  dchvcrcd  before  the  Franklin  Institute. 
Vol..  CXXXIH.  ir 
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COPPER-TIN   vs.    PHOSPHOR-BRONZE. 

Composition  Composition 

Copper-tin  Phosphor-bronze. 

Per  Cent.  Per  Cent. 

Copper 87-50  7970 

Tin 1 2"  50  lo-oo 

Lead none  9*50 

Phosphorus none  080 

Wear. — First  experiment,  copper-tin  wore  forty-eight  per  cent,  faster  than 

phosphor-bronze ;  second  experiment,  copper-tin  wore  fifty-three  per  cent. 

faster  than  phosphor-bronze ;  third  experiment,  copper-tin  wore  forty-seven 

per  cent,  faster  than  phosphor-bronze. 

It  should  be  stated  that  the  analyses  are  approximately 
average  analyses,  rather  than  special  analyses  of  the  samples 
in  each  test,  and  it  will  be  observed  that  there  is  no  allow- 
ance for  small  impurities  of  zinc,  iron,  antimony,  etc. 
It  will  be  observed  also  that  in  expressing  the  loss  of 
metal  by  wear,  the  loss  is  given  in  percentages  of  loss 
■of  metal  compared  with  standard  phosphor-bronze.  It 
is  entirely  clear,  we  think,  from  the  above  experi- 
ments that  the  copper-tin  alloy  of  seven  to  one,  is  nothing 
like  as  valuable  as  the  standard  phosphor-bronze  for 
bearing  metal,  and  this  view  is  confirmed  from  knowing 
that  the  experiments  above  given  were  made  on  some  hun- 
dred bearings  of  each  kind,  and  that  a  much  larger  percent- 
age of  the  copper-tin  bearings  heated  than  the  phosphor- 
bronze.  vSo  satisfactory  were  these  experiments  that  the 
phosphor-bronze  bearing  metal  was  for  quite  a  long  time 
used  as  the  standard  bearing  metal  for  car  bearings  on  the 
Pennsylvania  Railroad.  It  was  not  deemed  advisable  to 
allow  the  matter  to  rest  there,  and  accordingly  experiments 
have  constantly  been  in  progress  to  secure  modifications 
which  would  give  better  results.  Just  here  I  would  like  to 
call  attention  to  a  matter  of  importance.  You  will  observe 
that  the  copper-tin  bearing  metal  differs  from  the  phosphor- 
bronze  in  several  particulars.  First,  the  phosphor-bronze 
has  less  tin  ;  second,  it  has  quite  a  percentage  of  lead,  and 
third,  it  has  some  phosphorus.  Please  make  a  note  of  these 
points  as  they  will  be  referred  to  later. 

It  is  not  intended  to  give  the  results  of  all  the  tests  that 
have  been  made  during  the  last  fifteen  years,  but  only 
such    a    selection  from    them,    as    will    apparently    illus- 
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trate  a  law,  and  show  the  development  of  our  knowledge 
leading  to  present  practice.  Accordingly,  the  next  experi- 
ment will  be  one  which  we  think  throws  considerable  light 
on  the  matter,  namely,  an  experiment  with  arsenic-bronze. 
It  has  been  found  that  arsenic  practically  takes  the  place  of 
phosphorus  in  a  copper-tin  alloy.  Accordingly,  several 
experiments  were  made  with  arsenic-bronze.  The  results 
of  these  experiments  are  as  follows  : 

ARSENIC-BRONZE  VS.  PHOSPHOR-BRONZE. 

{First  experiment.) 

Composition  Composition 

A  rsenic-bronzf.  Phosphor-bronze. 

Per  Cent.  Per  Cent. 

Copper, ....  89*20  79*70 

Tin 1000  1000 

Lead, none  950 

Phosphorus,   ,    , none  080 

Arsenic 080  none 

Wear. — Arsenic-bronze  wore  forty-two  per  cent,  faster  than  phosphor- 
bronze, 

ARSENIC- BRONZE    VS.    PHOSPHOR-BRONZE, 

{Second  t'xperi/nen/.) 

Composition  Composition 

.4  rsentc-bronze.  Phosphor-bronze. 

Per  Cent.  Per  Cent. 

Copper 79'20  7970 

Tin 1000  1000 

Lead 700  9  50 

Phosphorus none  o  80 

Arsenic 080  none 

Wear. — Arsenic  bronze  wore  fifteen  per  cent,  faster  than  phosphor- 
bronze. 

ARSENIC-BRONZE    VS.    PHOSPHOR-BRONZE. 

(  Third  experiment.) 

Compos  it  ton  Composition 

Arsenic-bronze.  Phosphor-bronze. 

Per  Cent.  Pier  Cent. 

Copper 7970  7970 

Tin 1000  lo'oo 

Lead 9"  50  9*50 

Phosphorus none  080 

Arsenic, 080  none 

Wear. — Arsenic  bronze  wore  one  per  cent,  faster  than  phosphor-bronze. 

It  will  be  observed  that  the  first  experiment  was  prac- 
tically a  copper-tin  alloy  containing  some  arsenic,  and  that 
this  wore  very  nearly  as  fast  as  the  copper-tin  alloy  seven  to 
one.     I  have  been  accustomed  to  regard  this  experiment  as 
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indicating  that  the  phosphorus  in  bearing  metal  alloys  does 
not  have  very  valuable  influences  on  the  wear,  and  as  has 
already  been  hinted  at  in  the  earlier  part  of  the  lecture,  the 
phosphorus  seems  to  be  more  valuable  in  the  foundry  than 
in  the  service.  The  second  experiment,  it  will  be  noted, 
differs  from  the  first  in  introducing  some  lead  in  the  alloy, 
and  it  is  extremely  interesting  to  note  that  although  the 
arsenic  and  tin  remain  the  same  as  in  the  first  experiment, 
the  introduction  of  the  lead  produces  a  diminution  in  the 
rate  of  wear  which  is  very  marked.  After  this  experiment 
was  concluded,  a  third  experiment  was  tried  in  which  the 
composition  of  the  arsenic-bronze  was  patterned  as  near  as 
possible  after  that  of  the  phosphor-bronze,  and  it  is  inter- 
esting to  note  that  in  this  case  the  wear  of  the  two  was 
almost  the  same.  The  heating  of  the  arsenic-bronze  alloys 
in  service  was  no  greater  than  the  phosphor-bronze,  and 
there  were  no  other  appreciable  differences  to  be  discovered 
in  the  behavior  of  the  metal,  except  as  the  figures  above 
show  the  rate  of  wear. 

It  is  interesting  to  note  that  these  experiments  thus  far 
made  seem  to  indicate  first,  that  the  introduction  of  phos- 
phorus or  arsenic  into  a  bearing  metal  has  very  little 
influence  on  the  rate  of  wear,  while  the  introduction  of 
lead  has  a  very  marked  influence  on  the  rate  of  wear. 

In  view  of  these  teachings,  it  was  decided  to  extend  still 
further  the  influence  of  lead  on  bearing  metal.  Accord- 
ingly, a  bearing  metal  was  obtained  which  contained  still 
more  lead  than  the  standard  phosphor-bronze.  This  metal 
we  will  call  "  K "  bronze.  The  result  of  the  experiment 
with  "  K  "  bronze  is  as  follows: 

"  K  "    BRONZE   VS.    PHOSPHOR-BRONZE. 

Composition  Composilion 

^'K  '^bronze.  Phosphor-bronze. 

Per  Cent.  Per  Cent. 

Copper 77-00  7970 

*'" 10*50  1000 

^^^^' 12  50  9-50 

Phosphorus, none  o'So 

Wear.—Y\x^\  experiment,  "  K  "  bronze  wore  eight  per  cent,  slower  than 

phosphor-bronze;  second  experiment,    "K"    bronze    wore  7-30    per    cent. 

slower  than  phosphor  bronze. 
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This  experiment  to  my  mind  is  extremely  interesting. 
It  should  be  said  that  no  trouble  was  experienced  from 
heating  with  the  *'  K  *'  bronze,  more  than  with  phosphor- 
bronze,  and  no  other  peculiarities,  other  than  the  rate  of 
wear  as  given,  were  observable.  There  is  no  phosphorus 
in  the  "  K  "  bronze  ;  practically  the  same  tin,  and  an  increase 
in  lead,  and  as  the  result  of  these  changes,  the  "  K  "  bronze, 
as  will  be  observed,  surpasses  the  phosphor-bronze  in  wear. 
It  seems  almost  indisputable,  that  we  are  certainly  on  the 
right  track  in  the  matter  of  developing  a  bearing  metal 
which  will  be  satisfactory  in  every^  sense  in  service. 

The  value  of  lead  in  a  copper-tin  alloy  forbearing  metal, 
being  apparently  so  well  established,  it  became  a  question 
of  how  much  lead  could  be  gotten  into  the  alloy  without 
running  into  difficulty.  Also  about  this  time  there  began 
to  be  evidences  of  a  law,  governing  the  composition  of  all 
bearing  metal  alloys,  which  law  may  be  briefly  stated  as 
follows  : 

"  That  alloy  which  has  the  greatest  power  of  distortion 
without  rupture,  will  give  best  results  in  wear."  We  will 
refer  to  this  law,  and  show  a  possible  broadening  of  it,  into 
a  more  general  law  a  little  later,  but  at  this  time  in  accord- 
ance with  this  law,  we  started  to  design  an  alloy  which 
would  have  as  great  power  of  distortion  as  possible  without 
rupture.  To  do  this  we  attacked  the  problem  from  two 
stand-points ;  first,  the  proportions  of  copper  and  tin,  and  then 
this  having  been  established,  the  proportion  of  lead.  Upon 
the  first  of  these  two  points  there  are  some  very  interesting 
data.  It  is  common  knowledge  that  an  alloy  of  two  parts 
copper  to  one  of  tin,  which  is  usually  called  **  speculum 
metal,"  is  one  of  the  most  brittle  substances  known.  I  have 
a  sample  here,  and  you  will  observe  that  by  simply  dro|>- 
ping  this  piece,  which  is  2  inches  wide,  3  inches  long,  by 
\  inch  thick,  upon  the  floor  from  the  height  of  the  table, 
it  breaks  into  a  large  number  of  pieces.  Also  if  I  lay  it 
on  an  anvil  and  take  a  hammer  and  strike  it,  it  flies 
even  worse  than  glass,  and  is  readily  pulverized.  This 
speculum  metal  will  suffer  almost  no  distortion,  therefore. 
without  rupture.     It  can  neither  be  bent  nor  distorted  in 
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any  way  without  breaking.  If  now  the  percentage  is 
changed,  and  an  alloy  is  made  of  three  parts  copper  to  one 
of  tin,  we  get  a  substance  which  is  less  brittle.  Four  parts 
copper  to  one  of  tin,  is  still  less  brittle,  and  begins  to  be  a 
metal  which  will  suffer  some  distortion  without  rupture. 
Five  parts  copper  to  one  of  tin  is  common  bell  metal. 
Seven  parts  copper  to  one  of  tin  is,  as  has  already  been 
described,  the  well-known  cannon  bronze,  which  has  also 
been  largely  used  as  a  bearing  metal.  The  point  that  I 
want  to  make,  and  that  seems  clear  to  me,  is  that  a  metal 
can  be  made  out  of  copper  and  tin,  which  will  suffer  more 
and  more  distortion  without  rupture,  by  diminishing  the 
tin  and  increasing  the  copper.  After  experimenting  some- 
what in  this  line,we  finally  decided  on  a  proportion  of  copper 
and  tin,  about  nine  and  one-half  parts  copper  to  one  of  tin. 
We  have  some  evidence,  obtained  since  the  experiments  I 
am  about  to  give  you  were  made,  that  indicate  that  we 
could  have  gone  still  farther,  and  made  the  ratio  of  copper 
to  tin,  twelve  or  possibly  fifteen  copper  to  one  of  tin.  This 
point  has  not  yet  been  definitely  proven.  The  ratio  of  cop- 
per to  tin  having  been  established,  the  question  of  how 
much  lead  to  use  came  up,  and  as  a  consequence  the  ques- 
tion of  the  influence  of  lead  on  a  copper-tin  alloy  arose.  I 
do  not  think  that  this  point  has  been  fully  worked  out,  but 
as  far  as  we  have  gone,  the  indication  seems  to  be,  that  the 
addition  of  lead  has  much  the  same  influence  on  a  copper- 
tin  alloy,  that  a  still  further  diminution  of  tin  would  have. 
That  is  to  say,  if  an  alloy  of  copper  and  tin  is  made,  fifteen 
parts  copper  to  one  of  tin,  it  will  probably  have  much  the 
same  physical  properties,  and  give  much  the  same  results 
in  wear,  as  an  alloy  of  ten  parts  copper  to  one  of  tin,  which 
alloy  contains  quite  a  large  percentage  of  lead.  I  say  this 
point  has  not  yet  been  fully  worked  out,  but  what  indica- 
tions we  have  point  in  this  direction.  It  should  be  stated 
here,  that  as  the  amount  of  tin  is  diminished,  and  the 
amount  of  lead  is  increased,  the  tendency  of  the  metal  to 
yield  more  readily  under  pressure  increases,  so  that  it  be- 
comes essential  to  guard  against  possible  dangers  of  having 
a  metal  which  would  yield  too  readily  under  the  load.    After 


Mar.,  1 892. J  Bearing  Metal   Alloys.  167 

considerable  preliminary  work,  bearings  were  cast,  and  a 
wearing  test  made,  the  results  of  which  are  as  follows,  the 
new  metal  being  called  alloy  "  B  :" 

ALLOY    "  B  "     vs.    PHOSPHOR-BRONZE. 

Composition  Composition 

Alloy  "  B."  Phosphor-bronze . 

Per  Cent.  Per  Cent. 

Copper, 77'oo  797o 

Tin iS'oo  iocx> 

Lead 15-00  950 

Phosphorus, none  080 

PHYSICAL    PROPERTIES. 

Allay  "B."'       Phosphor-bronze. 

Tensile  strength,  per  square  inch,  pounds,  .    .      24,000  30,000 

Elongation,  percent 11  6 

Wear. — Experimental  alloy  "  B"  wore  i3'5o  per  cent,  slower  than  phos- 
phor-bronze. 

It  will  be  observed  that  this  alloy  wears  considerably 
better  than  the  standard  phosphor-bronze,  and  the  best  of 
any  in  the  series;  also,  that  it  is  lower  in  tin  and  higher  in 
lead  than  the  phosphor-bronze.  It  will  also  be  observed 
that  the  physical  properties  of  alloy  "  B "  were  taken  in 
comparison  with  phosphor-bronze,  and  that  the  characteris- 
tics are  that  alloy  "  B"  has  a  lower  tensile  strength,  but  a 
greater  elongation  than  the  phosphor-bronze.  It  is  well 
known  that  the  elongation  measures  to  a  greater  or  less 
extent,  the  capacity  of  the  metal  to  suffer  distortion  with- 
out rupture.  Those  metals  which  can  be  tied  in  a  knot,  so 
to  speak,  have  the  greatest  elongation,  when  subjected  to 
the  ordinary  physical  test  of  pulling  until  rupture  takes 
place.  The  alloy  "  B  "  above  given,  with  a  slight  modification 
which  enables  the  Pennsylvania  Railroad  to  u.se  the  large 
amount  of  phosphor-bronze  scrap  that  it  has,  is  the  standard 
bearing  metal  of  that  road,  and  is  regarded  as  the  best  that 
is  now  known  on  the  subject  of  bearing  metal  alloys.  It  is 
not  at  all  certain,  however,  that  a  still  further  modification 
in  the  diminution  of  tin  and  increase  of  lead,  would  not  give 
even  better  results,  Some  experiments  have  been  made 
toward  still  further  diminishing  the  tin,  and  increasing  the 
lead,  but  it  is  found  that  a  certain  amount  of  tin  is  ncces- 
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sary  to  hold  the  lead  alloyed  with  the  copper,  and  appar- 
ently the  limit  of  the  diminution  of  tin  and  increase  of  lead 
is  not  a  great  ways  from  the  composition  of  alloy  ''B."  Of 
course,  it  will  be  agreed  that  when  the  lead  will  not  stay 
alloyed  long  enough  to  allow  successful  castings  to  be 
made,  the  limit  of  diminution  of  tin  and  increase  of  lead  has 
been  reached,  and  there  are  some  indications  as  stated  above 
that  the  analysis  above  given  is  not  a  great  ways  from  the 
limit. 

The  formula  used  on  the  Pennsylvania  Railroad  in  mak- 
ing the  standard  bearings  patterned  after  alloy  ''  B  "  is  as 
follows : 

Pounds. 

Copper 105 

Phosphor-bronze,  new  or  scrap, 60 

Tin 9^ 

Lead,      25X 

By  using  ordinary  care  in  the  foundry,  keeping  the  metal 
fairly  well  covered  with  charcoal  during  the  melting,  it  is 
entirely  possible  to  get  perfectly  successful  castings  in  car 
bearings  on  the  above  formula.  The  copper  and  the  phos- 
phor-bronze can  be  put  in  the  pot  all  at  once  before  putting 
in  the  melting  hole.  The  tin  and  lead  should  be  added 
after  the  pot  is  taken  from  the  fire.  This  formula  gives 
approximately  the  analysis  under  the  heading  Ex.  B  Metal, 
mentioned  in  the  earlier  part  of  this  lecture. 

It  is  of  course  a  fair  question  whether  the  introduction 
of  a  little  zinc,  or  possibly  some  other  combinations  of  the 
six  or  eight  metals  commonly  used  for  alloys,  will  not  give 
a  bearing  metal  much  better  than  the  alloy  "B."  All  that 
I  can  say  on  this  point  is  that  alloy  ''  B  "  represents  the  best 
knowledge  that  we  have  on  the  subject  at  present,  and  the 
whole  thing  may  be  summed  up  by  saying  that  at  present 
the  best  bearing  metal  that  we  know  of,  is  a  copper-tin-lead 
alloy,  containing  a  small  amount  of  phosphorus,  in  which 
•the  proportions  of  the  constituents  are  approximately  those 
shown  above. 

It  has  already  been  stated  that  a  satisfactory  bearing 
metal  .should  be  of  such  a  nature  that  it  will  sustain  the 
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load  without  crushing  ;  that  it  will  work  well  in  the  foundry ; 
that  it  will  not  heat  readily;  that  it  will  make  the  friction 
between  the  rubbing  surfaces  as  low  as  possible,  and  that  it 
will  give  the  highest  possible  mileage,  with  the  smallest 
possible  loss  of  metal  by  wear.  It  is  believed  that  the 
metal  which  has  been  last  described  fulfils  all  these  requi- 
sites as  well  as  any  alloy  now  known.  Of  course,  the  most 
important  element ;  that  is  to  say,  the  one  which  bears  the 
closest  relation  to  dollars  and  cents  in  a  great  corporation, 
is  obviously  the  wear,  and  any  light  which  can  be  thrown 
on  this  subject  will,  of  course,  have  a  tendency  to  diminish 
the  operating  expenses,  or  what  amounts  to  the  same  thing, 
leave  more  money  in  the  treasury  of  a  corporation  at  the 
end  of  the  year,  so  far  as  operating  expenses  are  affected  by 
bearing  metal.  In  the  course  of  our  study  on  this  subject, 
we  have  philosophized  a  little  on  the  question  of  wear, 
and  have  endeavored  as  much  as  possible  to  find  out  what 
property  it  was  in  metals,  which  enabled  them  to  resist  loss 
of  metal  by  abrasion.  We  have  already  hinted  at  the  possi- 
bility of  a  law  governing  this  phenomenon  of  loss  of  metal  by 
wear,  but  the  law,  as  enunciated,  seems  to  be  too  narrow. 
Much  light  has  been  thrown  on  the  subject  from  the  study 
of  other  metals,  and  in  other  fields  besides  that  of  bearings  ; 
and  in  view  of  the  importance  of  the  subject,  the  following 
considerations,  in  regard  to  wear,  may  not  inappropriately 
close  this  lecture  : 

Of  course,  wear  is  influenced  by  the  conditions  under 
which  it  takes  place,  and  it  is  not  my  purpose  to  discuss 
those  variables,  which  may  fairly  enough  be  called  '*  con- 
comitant conditions."  I  will,  therefore,  not  discuss  lubrica- 
tion, pressure,  speed,  temperature,  rolling  friction,  or  abra- 
sion, nor,  indeed,  the  nature  of  the  two  metals  rolling  ur 
sliding  over  each  other,  but  will  confine  myself  wholly  to 
the  qualities  of  metal  which,  all  other  things  being  equal, 
give  least  loss  of  substance  by  wear  under  the  same 
service.  To  my  mind,  we  are  justified  in  assuming  that  at 
least  three  elements  enter  into  the  problem  of  wear. 

(i)  That  metal  which  will  suffer  the  most  distortion  with- 
out rupture  will  wear  best.    This  quality  of  metal  is  usually 
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measured  or  expressed  in  figures  by  the  well-known  physi- 
cal data  **  elongation "  or  stretch  before  rupture  in  the 
common  physical  test.  Possibly  the  experimental  data  on 
this  point  is  greater  than  we  possess  on  any  other  of  the 
variables  which  enter  into  wear.  If  we  may  trust  the  data 
which  I  have  brought  forward,  and  the  conclusions  drawn 
from  them,  in  all  cases  the  greatest  elongation  is  character- 
ized by  the  best  wear ;  or,  according  to  the  law,  that  metal 
which  is  characterized  by  the  greatest  power  to  resist  dis- 
tortion without  rupture  will  wear  best. 

(2)  The  first  variable  being  obtained  in  satisfactory 
amount,  an  increase  in  tensile  strength  will  add  to  the 
wearing  power  of  the  metal.  The  diminution  of  tensile 
strength,  which  is  characterized  by  the  better-wearing 
metals,  according  to  our  data,  is  not,  if  I  am  correct,  a 
desirable  quality.  It  is  a  concomitant  of  most  metal, 
that  as  it  increases  in  its  power  of  elongation,  or  stretch, 
before  rupture,  it  diminishes  in  tensile  strength.  If,  on  the 
other  hand,  a  new  metal  could  be  found  which,  with  any 
given  elongation,  was  characterized  by  a  higher  tensile 
strength  than  some  old  and  well-known  metal  with  the 
same  elongation,  the  new  metal  would,  if  the  theory  is 
correct,  wear  better  than  the  old  one.  It  is  not  difficult  to 
say  why  an  increase  in  tensile  strength  should  be  valuable 
in  assisting  wear,  provided  the  power  of  distortion  before 
rupture  is  not  interfered  with.  Wear,  as  I  understand  it, 
is  the  tearing  off  of  minute  particles,  and  if  in  one  case  it 
requires  more  force  to  tear  off  the  particles  than  in  another, 
the  wear  in  that  case  will  be  slower.  We  have,  I  think, 
some  experimental  data  which  point  in  this  direction.  The 
wear  of  bearings  per  thousand  miles  is  about  three  times 
as  fast  as  the  wear  of  axles ;  in  other  words,  as  has  already 
been  stated,  the  standard  phosphor-bronze  bearing  metal 
loses  about  a  pound  for  each  25,000  miles  that  the  bearing 
moves.  The  axle  under  it  loses  about  a  pound  for  each 
75.000  miles,  but  the  metal  of  the  axle  is  from  two  to  three 
times  as  strong  per  square  inch,  and  its  elongation  is  also 
somewhat  higher  than  the  bearing  metal  alloy. 

The  third  variable  which  enters  into  wear,  as  I  look  at  it, 
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is  what  may  perhaps  be  termed  the  "granular  structure  of 
the  metal."  This  may,  perhaps,  best  be  illustrated  by  say- 
ing that,  of  two  metals  which  have  the  same  tensile 
strength  and  the  same  elongation,  the  one  which  is  finer  in 
granular  structure  will  wear  the  slower.  This,  we  think, 
will  be  evident  by  returning  to  our  conception  of  what  wear 
is — namely,  the  tearing  off  of  minute  particles  from  the 
worn  body.  If,  now,  at  each  rupture  of  a  particle  of  metal, 
the  particle  torn  off  is  in  one  case  twice  as  large  as  in  the 
other,  the  wear  will  be  twice  as  rapid,  and  we  assume  that, 
other  things  being  equal,  the  granular  structure  represents 
the  size  or  fineness  of  the  particles  torn  off  at  each  opera- 
tion during  wear.  We  have  but  few  experimental  data 
on  this  point.  It  is  generally  believed  by  those  who  have 
had  a  chance  to  make  observations,  that  what  is  known  as 
case-hardened  iron  wears  better  than  either  the  wrought 
iron  from  which  it  is  made,  or  than  ordinary  hammered 
steel  of  approximately  the  same  carbon.  It  has  also  been 
observed  that  case-hardened  metal  is  always  characterized 
by  an  extremely  fine  granular  structure,  as  evidenced  by  the 
fracture.  This,  of  course,  is  only  an  observation,  and  can- 
not be  taken  as  proving  very  much.  It  is  also  entirely 
possible  that  the  influence  of  what  is  technically  known  as 
"  tempering,"  on  wear,  may  appear  in  the  effect  of  the 
temper  on  the  granular  structure.  The  field  is,  of  course, 
too  void  of  experiment  and  too  little  known  to  warrant 
anything  more  than  suggestions. 

The  relation  and  interaction,  so  to  speak,  of  the  three 
variables  mentioned  above  is,  of  course,  quite  an  unknown 
field.  We  are  inclined  to  think  that  the  experimental  data 
which  have  been  obtained  point  clearly  to  the  conclusion 
that  the  increase  in  tensile  strength  at  the  expense  of  elon- 
gation is  disastrous,  as  far  as  wear  is  concerned.  An 
increase  in  tensile  strength  with  an  increase  in  elongation 
would  unquestionably,  we  think,  be  valuable.  The  influ- 
ence of  the  structure  or  granular  condition  may  be  even 
more  important  than  either  elongation  or  tensile  strength. 
Of  course,  the  data  do  not  warrant  any  conclusions,  but  it 
seems  not  at  all  improbable  that  the  size  of  the  particle  torn 
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off,  each  time  one  is  torn  off,  may  be  the  most  important 
variable  in  the  rate  of  wear.  It  is  also  not  improbable  that 
if  some  method  of  measuring  the  granular  structure  of  metal, 
and  rightly  estimating  its  influence  on  wear,  was  known, 
this  information  would  go  far  toward  explaining  many  of 
the  anomalous  cases  of  wear  which,  if  my  experience  is 
worth  anything,  are  almost  universal  accompaniments  of 
experiments  in  this  field. 

To  put  the  above  ideas  in  very  brief  shape,  I  will  say, 
that  if  anyone  wants  to  design  a  bearing  metal,  the  first 
four  conditions  given  above  as  essential  for  a  good  bearing 
metal  must  be  first  met.  Then  make  a  metal  which  will  have 
the  highest  possible  tensile  strength,  coupled  with  the  highest 
possible  elongation,  and  add  to  this  the  finest  possible 
granular  structure,  and  you  will  have  the  best  bearing  metal 
that  at  the  present  time  I  know  how  to  recommend. 


The    proposed    SHIP   CANAL   between  NEW   YORK 
AND  PHILADELPHIA  connecting   the  DELA- 
WARE AND  RARITAN  RIVERS. 


By  Prof.  Lewis  M.  Haupt,  C.  E. 


\^  Remarks   made   before    the.   Franklin    Institute    at    the   a7inual    meeting, 

January  20,  i8g2.'] 

Mr.  President,  Ladies  and  Gentlemen: 

It  gives  me  pleasure  to  be  able  to  respond  to  your  invi- 
tation to  speak  on  the  subject  of  the  ship  canal  across  New 
Jersey,  as  it  is  one  of  great  importance  to  the  welfare  of 
this  community.  It  is  a  cause  of  regret  to  us  that  from 
various  causes  Philadelphia  has  fallen  from  first  to  about 
seventh  of  our  cities  in  the  rank  of  commerce,  but  we  have 
the  satisfaction  of  feeling  that  in  manufactures  she  still 
retains  her  preeminence. 

If  we  wish  to  hold  this  position  in  these  days  of  keen 
rivalry,  it  behooves  us  to  exert  ourselves  to  cheapen  the 
materials  used  in  our  industries  and  to  extend  our  market 
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range,  and  it  is,  therefore,  of  interest  to  you  as  members  of 
this  Institute  to  consider  the  means  whereby  these  results 
may  be  accomplished. 

The  market  price  of  every  article  is  composed  of  the 
cost  of  production  and  the  cost  of  transportation.  The 
former  is  a  function  of  price  of  raw  material  and  labor  ; 
the  latter  of  the  rate  per  mile  multiplied  by  the  distance 
traversed.  This  latter  cost  varies  with  the  character  of  the 
resistance  to  be  overcome,  and  is  best  measured  and  com- 
pared by  reducing  the  load  and  distance  to  the  unit  of  the 
ton-miie.  Thus,  for  traffic  on  a  common  earth  road  in  good 
condition  the  cost  of  conveying  one  ton  one  mile  is  about 
twenty  cents;  on  a  standard  gauge  railroad,  well  equipped, 
the  average  is  '928  of  a  cent  or  nine  and  one-quarter  mills, 
although  for  some  articles  in  bulk  the  rate  is  as  low  as  four 
and  one-half  mills.  On  canals  of  ordinary  draught  (seven 
feetj  it  is  less  than  two  mills,  and  on  the  great  lakes  or  the 
ocean  it  is  a  small  fraction  of  a  mill.  Even  on  the  old-time 
canals,  with  their  boats  of  limited  capacity,  the  cost  is  less 
than  one-half  that  by  rail,  with  all  the  improvements  that 
have  been  made.  The  reason  is  obvious.  The  mechanical 
resistances  of  a  rolling  train  and  the  ratio  of  dead  to  live 
loads  are  much  greater  in  the  case  of  the  rail  than  in  that 
of  the  waterway.  Moreover,  the  capacity  of  a  boat  may  be 
increased  as  the  cube  of  the  depth  with  very  little  increase 
of  power  to  propel  it.  The  mere  lengthening  of  the  mid- 
ship section  adds  but  little  to  the  resistance  while  it  greatly 
adds  to  the  capacity.  It  is  generally  conceded  that  the 
railway  cannot  compete  with  the  waterway,  and  hence  the 
war  of  extermination.  The  canals  of  this  country  are 
being  bought  up  and  destroyed  to  enable  the  railroad  to 
maintain  their  rates.  This  does  not  seem  to  me  to  be  the 
best  policy  for  the  general  good  of  this  country,  and  it  is 
not  that  pursued  by  our  foreign  competitors.  They  are 
now  quite  active  in  increasing  the  draught  and  capacity  of 
their  waterways,  and  in  a  few  years  Canada  will  have  a 
fourteen-foot  navigation  from  the  Great  Lakes  to  tide- 
water, while  we  have  but  seven.  This  will  uncjuestionably 
divert  the  grain  trade  from   our   Atlantic  ports  to  those  of 
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Canada,  unless  it  is  met  by  a  waterway  of  equal  or  greater 
capacity,  which  is  entirely  practicable. 

I  have  been  asked  of  what  use  would  such  a  canal  across 
New  Jersey  be  to  Philadelphia  which  now  has  a  deep  water 
channel  to  the  sea.  In  reply,  I  would  say,  that  it  would 
extend  the  Erie  Canal  and  its  benefits  to  this  port  and  open 
to  our  manufacturers  over  16,000  miles  of  waterways  in  the 
great  basin  of  the  Mississippi.  It  would  reduce  the  dis- 
tance by  water  to  New  York  harbor  from  240  to  about 
sixty  miles,  would  afford  an  inside  and  safe  passage 
to  eastern,  Sound  and  Hudson  River  ports ;  would 
develop  a  large  population  along  the  entire  route,  and  so 
benefit  the  railroads  traversing  the  district.  In  short,  the 
effect  would  be  to  reduce  the  rate  per  mile  as  well  as  to 
shorten  the  distance  between  the  two  greatest  centres  of 
population  on  the  American  continent,  or,  we  may  say, 
in  the  world ;  for  nowhere  else  on  the  globe  is  it  pos- 
sible by  so  short  and  inexpensive  a  waterway  to  con- 
nect such  large  populations  and  so  many  and  valuable 
interests. 

The  real  import  of  this  reduction  in  both  rate  and  dis- 
tance is  not  fully  realized  ;  but  it  is  equivalent  in  effect  to 
a  physical  transportation  of  one  or  other  of  the  terminals 
with  all  its  appurtenances  through  a  distance  represented 
by  the  saving  in  cost  of  transportation,  just  as  if  a  slice  of 
the  intervening  earth  were  cut  out  and  the  two  places 
brought  that  much  closer  together.  It  enables  the  market 
range  of  our  articles  of  manufacture  to  be  extended  in  the 
same  ratio  ;  in  other  words,  if  the  rate  per  ton-mile  can  be 
reduced  to  one-half  or  more  as  it  can  be  by  water,  its  distance 
of  transport  may  be  more  than  doubled,  and  the  tributary 
territory  will  therefore  be  expanded  fourfold. 

These  are  some  of  the  great  benefits  to  be  conferred  by 
the  construction  of  this  ship  canal.  Manchester,  in  Eng- 
land, is  expending  over  $60,000,000  in  a  twenty-six-foot 
canal  thirty-five  and  one-half  miles  long,  merely  to  avoid 
the  terminal  and  wharf  charges  of  Liverpool,  although  there 
are  already  several  canals  and  railroads  connecting  it  with 
the  sea ;  and  should  not  we  be  amply  justified  in  expending 
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a  small  fraction  of  this  sum  to  secure  results  of  so  much 
greater  magnitude  ? 

I  will  not  detain  you  to  listen  to  the  great  importance  to 
the  nation  of  this  link  in  the  Atlantic  coast  waterway  for 
defensive  and  strategic  purposes.  Suffice  it  to  say,  that  it 
will  treble  the  efficiency  of  our  Navy  and  be  worth  many 
times  its  cost  in  saving  expense  for  an  otherwise  larger 
armament  and  the  cost  of  maintaining  it, 

The  route  proposed,  as  revealed  by  the  topographic 
charts  of  New  Jersey,  is  shown  upon  the  accompanying 
map.  It  is  but  3375  miles  in  length,  and  will  follow  for 
about  eleven  miles  the  route  of  the  existing  Delaware  and 
Raritan  Canal.  The  summit  level  will  be  50  feet  above 
tide,  and  will  be  reached  probably  by  two  locks  at  either 
end  of  25  feet  lift  each.  These,  with  the  two  tidal 
locks,  will  make  six  in  all.  The  cube  of  material  to  be 
removed  to  give  a  prism  90  feet  wide  at  bottom,  150 
at  surface  and  20  feet  depth  of  water  will  be  about 
26,500,000  yards.  The  drainage  basin  tributary  to  the 
summit  level  embraces  301  square  miles,  and  the  highest 
point  on  the  profile  is  but  76  feet  above  mean  low  water. 

The  physical  conditions  are  believed  to  be  unusually 
favorable  for  the  enterprise,  which  is  estimated  to  cost  but 
$12,500,000. 

Thanking  you  for  your  kind  attention,  I  trust  you  will 
find  the  subject  of  sufficient  moment  to  engage  your  earnest 
cooperation  and  support. 
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The     development    of     SPIRAL     WELD     TUBE 

MACHINERY, 


By  Geo.  Ross  Green. 


The  following  account  of  the  development  of  spiral 
weld  tube  machinery  may  prove  of  interest  to  many  engi- 
neers, especially  those  who  have  investigated  new  and 
unexplored  fields  of  engineering. 

During  some  nine  or  ten  years  prior  to  1887,  Mr.  John  B. 
Root  experimented  upon  spirally  welded  tubes.  The  art  of 
welding  gun  barrels  with  a  helical  seam  extends  back  to 
the  beginning  of  fire-arms  ;  but  in  the  gun  barrel  the  whole 
body  of  metal  is  brought  to  the  welding  heat,  while  in  the 
spirally  welded  tube  the  metal  at  or  near  the  edge  only  is 
heated  so  high,  the  main  part  of  the  skelp  remaining  prac- 
tically as  it  left  the  rolls.  Mr.  Root's  patent  is  based  upon 
this  condition. 

At  the  time  of  his  death,  December,  1886,  Mr.  Root  had 
completed  the  machine  shown  in  Figs.  /,  2,  j,  4.,  and  had 
succeeded  in  making  a  few  pieces  of  pipe,  the  longest  being 
twelve  feet,  of  eight-inch,  which  was  never  duplicated. 
This  pipe,  like  the  others,  leaked  badly  when  tested  with 
water  tc      "  w  pounds  pressure  only. 

The  operation  of  this  machine  is  as  follows:  The  driving 
pulley  F  is  keyed  to  a  small  shaft,  which  passes  through 
the  hollow  cast-iron  shaft  V,  and  has  upon  its  end  two 
eccentrics,which,  by  means  of  links,  give  oscillating  motions 
to  the  two  rock  arms  C.  These  are  pivoted  at  one  end  of 
the  shaft  F,  and  upon  the  outward  ends  of  the  rock  arms 
are  fastened,  forming  jaws  or  dies  with  curved  faces,  which 
are  expected  firmly  to  grip  the  skelp  and  bend  it  a  small 
amount,  depending  upon  the  diameter  of  the  pipe  which  is 
to  be  formed.  These  dies  were  made  of  cast  iron,  firmly 
bolted  to  the  rock  arms,  and  were  provided  with  water  pas- 
sages, either  cored  or  bored  in  them,  to  allow  for  a  circula- 
tion of  water  in  order  to  keep  them  cool.     vShould  the  driv- 
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ing  pulley  now  be  revolved,  the  rock  arms  would  oscillate 
to  and  from  each  other  in  one  plane.  In  order,  however, 
to  secure  a  "feed,"  the  rock  arms  were  given  a  helical 
motion,  which  was  secured  as  follows  : 

Upon  the  back  end  of  the  shaft  V  was  keyed  an  arm  U 
which  was  connected  with  the  link  device,  shown  in  fig. 
4,  by  the  connecting  rod  M.  This  link  /  was  pivoted  at  the 
left-hand  end,  and  was  given  motion  by  means  of  an  eccen- 
tric secured  to  the  pulley  shaft.  By  revolving  the  shaft  C^ 
the  connecting  rod  AP  could  be  shifted  to  any  point  of  the 
links  and  any  desired  amount  of  circular  movement,  within 
limits,  could  thus  be  imparted  to  the  shaft  V.    The  forward 


t-K,.     I 


component  was  obtained  by  the  mechanism  shown  at  Q\ 
The  slide  block  P'  is  so  connected  with  the  shaft  V  that  as 
it  slides  in  the  guides  Q'  an  end  movement  is  thus  given  to 
the  shaft  V.  The  angle  of  the  guides  is  set  to  correspond 
with  the  angle  of  the  pipe  being  made. 

The  machine  is  so  adjusted  that  when  the  dies  clamp  the 
skelp,  the  rock  arms  begin  the  helical  mov^ement,  and  the 
mechanism  recovers  its  original  position  while  the  dies 
are  separated.  The  skelp  A  is  guided  in  a  suitable  table  E, 
and  the  angle  is  set  to  give  about  one-half  "lap"  to  the 
edges. 

The  fire-brick  lined  furnace  J\.,  is  so  arranged  that  one 
edge  of  the  entering  skelp  ])asses  into  it  through  a  slot  in 
Vol.  CX.\.\IiI.  i: 
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the  side  for  that  purpose,  and  the  opposite  edge  (which  has 
by  this  time  been  formed  into  a  cylinder)  passes  into  the 
flame  between  the  front  of  the  furnace  and  the  fire- 
brick lined  "  lip  "  O.2,  Fig.  j,  secured  to  the  furnace.  Both 
edges  are  thus  simultaneously  heated  to  the  welding  point, 
and  are  hammer  welded  as  they  emerge  from  the  furnace. 
The  hammer  mechanism  is  not  shown  upon  the  drawings  ; 
but  it  consisted  of  two  hammers,  one  inside  the  tube  and 
one  outside,  which  met  exactly  on  the  line  of  weld. 

The  tube  B  shows  a  burner  which  passes  into  the  fur- 
nace.    The  pipe   mould  />   is   a   hollow   cylinder  made   in 


Fig.  2. 

halves  and  bored  out  to  fit  the  tube.  This  is  expected  to 
guide  the  metal,  and  keep  the  pipe  of  a  uniform  diameter. 

This  machine  was  never  successful,  and  among  its 
defects  may  be  mentioned  the  following  : 

(i)  The  general  designs  and  peculiar  motions  did  not 
permit  of  making  the  parts  strong  enough  to  bend  any  but 
the  thinner  gauges  of  skelp. 

(2)  The  feed  was  entirely  too  weak  to  be  of  practical 
value.  The  dies  not  only  were  expected  to  bend  the 
entering  metal,  and  feed  forward  the  tube  already  formed, 
and  draw  in  the  straight  skelp,  but  were  also  required  to 
.straighten  out  any  inequalities  made  in  the  pipe  by  the 
hammers.  As  the  weld  was  much  thicker  than  any  other 
point,  the  main  strength  of  the  dies  was   expended  at   this 
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point,  which  being  in  a  semi-plastic  condition  allowed  the 
jaws  to  slip  when  any  extra  force  was  required.  The  ten- 
dency of  the  pipe  was  to  enlarge,  and  this  it  would  do  until 
the  friction  against  the  furnace  and  pipe  mould  was  greater 
than  the  strength  of  the  feed  ;  then  the  pipe  would  stick 
and  a  hole  was  burned  in  the  skelp.  As  a  rule,  not  more 
than  four  feet  of  pipe  could  be  made  before  this  point  was 
reached.  I  have  been  able,  by  pulling  on  the  entering 
skelp,  to  overcome  the  strength  of  the  feed. 

(3)  Adjustment  for  different  thicknesses  of  skelp  were 
difficult  and  tedious  to  make,  as  the  back  ends  of  the  dies 
would  grip  the  metal  before  the  front  ends,  unless  properly 
arranged. 


>^ 


Fig.  3.  Fig.  4. 

(4)  The  axles  of  all  pipes  were  the  same,  and  to  change 
from  one  size  to  another  was  a  long  and  unsatisfactory 
operation,  as  it  required  new  dies  and  new  hammers,  both 
of  which  met  the  pipe  at  its  topmost  point. 

The  Spiral  Weld  Tube  Company  was  organized  about 
the  time  of  Mr.  Root's  death,  and  as  he  had  left  no  data  of 
value,  Mr.  Thomas  S.  Crane,  who  had  examined  the 
machine  with  the  inventor,  was  engaged  to  design  a  new 
machine,  which  is  shown  in  Fii^.  5. 

For  the  clumsy  jaws  hiving  the  helical  motion,  Mr. 
Crane  substituted  feed  rolls  on  the  skelp  table,  which  were 
controlled   bv   a    friction   d  -^'ice    A   />   in    the    rear  of   the 
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machine.  This  consisted  of  an  iron  plate  B,  upon  which  was 
fastened  a  sheet  of  leather,  and  this  plate  was  given  an  inter- 
mittent motion  through  the  oval  gears  C.  A  was  a  fric- 
tion wheel  rubbing  against  B,  and  so  arranged  that  it  could 
be  moved  to  or  from  the  centre  by  turning  the  hand  wheel 
D.  Upon  the  same  shaft  as  yi  is  a  worm  engaging  the 
worm  wheel  E,  and  this  rotated  the  feed  rolls  by  means  of 
a  shaft,  upon  which  are  universal  joints  F. 

The  pipe  mould  G  was  a  casting  bored  out  to  fit  the 
pipe,  as  in  Mr.  Root's  machine,  and  upon  one  side  was 
arranged  the  fixed  former  H,  upon  which  was  fastened  a  die 
extending  about  three-quarters  across  the  skelp.  The 
lower  die  was  mounted  upon  a  movable  anvil  (pivoted  at  /) 
raised  by  a  cam  on  the  shaft  K.  The  hammer  /  moved  in 
unison  with  the  anvil,  and  struck  it  when  at  its  highest 
point.  The  machine  was  adjusted  to  force  the  anvil  die 
against  the  die  on  //,  and  thus  bend  the  skelp  as  Mr.  Root 
had  done  with  his  oscillating  rock  arms.  L  shows  the  fur- 
nace, which  was  cooled  by  boring  holes  along  the  edges 
and  properly  connecting  them  with  pipes,  as  in  Mr.  Root's 
machine,  through  which  a  constant  stream  of  water  was 
passed.  This  machine  reached  the  company  about  three 
weeks  after  I  became  connected  with  it,  and  with  the 
exception  of  sone  designing  by  Mr.  Crane  on  the  machine, 
shown  in  Fig.  6,  all  'subsequent  additions  and  improve- 
ments have  been  my  own. 

No  pipe  ccrld  be  made  on  the  machine  shown  in  Fig. 
S-  Upon  start  "ng  up,  the  friction  discs  driving  the  feed 
rolls  were  found  to  possess  insufficient  power  to  force  for- 
ward the  pipe.  They  would  slip  in  spite  of  every  endeavor 
to  improve  them,  and  were  replaced  by  a  positive  ratchet 
mechanism,  which  was  found  to  answer  admirably. 

A  cylinder  could  be  formed  of  the  cold  skelp  ;  but  as 
soon  as  heat  was  applied  and  the  edges  united  the  pipe 
would  bind  so  tightly  in  the  pipe  mould  that  it  was  neces- 
sary to  split  the  pipe  longitudinally  with  a  cold  chisel  to 
remove  it.  After  several  efforts  to  overcome  this,  the  pipe 
mould,  as  shown,  was  thrown  in  the  scrap  and  a  new  one, 
one   inch    larger  in  diameter,  was  cast  to  take  its    place. 
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Through  the  shell  of  the  latter,  anti-friction  rolls  (to  support 
the  pipe)  extended,  secured  in  suitable  frames,  which  were 
bolted  to  the  pipe  mould  (see  Fig.  6). 

It  was  impossible  for  dies  "  crimping  "  but  three-quarters 
of  the  skelp  to  form  a  cylinder,  and  new  dies  were  arranged 
double  the  length  of  the  others.  An  effort  had  been  made 
to  cause  the  hammer  to  take  the  place  of  this  extension  of 
the  dies  by  bolting  to  it  a  curved  block,  as  shown  in  Fig. 
5  ;  but  this  was  found  to  be  worthless.  The  machine  was 
now  tried,  and  a  few  feet  of  pipe  were  made  upon  it — the 
longest  perfect  piece  being  about  four  or  five  feet. 

This  machine  had  been  so  radically  changed  that  it  was 
decided  to  throw  it  in  the  scrap,  which  was  accordingly 
done  and  another  machine,  shown  in  Fig.  6,  was  built  to 
take  its  place. 

1  found  the  fixed  upper  die  in  Fig.  5  was  a  great  dis- 
advantage, as  the  friction  against  it  was  enormous  ;  and  it 
was  therefore  arranged  to  have  an  oscillating  movement 
(see  A,  Fig.  6).  The  method  of  mounting  this  crimper 
was  Mr.  Crane's,  and  he  has  arranged  the  axis  parallel  with 
the  axis  of  the  pipe,  which  renders  it  an  easy  matter  to 
adjust  it  for  different  thicknesses  of  skelp. 

The  die  fastened  securely  to  the  crimper  A  is  shown 
at  A'.  The  anvil  was  raised  vertically  in  suitable  guides, 
which  cannot  be  seen  in  the  figure,  and  the  motion  was 
secured  by  means  of  a  wedge,  actuated  by  the  rock  arm  />. 

Motion  is  imparted  to  the  rock  shaft  Chy  means  of  the 
universal  joint  connecting  rod  I).  The  link  for  driving  the 
ratchet  E  is  shown  at  F,  and  the  position  of  the  slide  block 
is  regulated  by  the  hand-lev^er  G. 

The  pipe  mould  is  shown  at  //  with  a  number  of  roll 
frames  fastened  to  it.  The  corrugated  friction  feed  rolls 
are  shown  at  /,  the  furnace  at/,  and  the  hammer  at  A".  liy 
arranging  a  flat  place  on  the  top  of  the  wedge  which  raised 
the  anvil,  the  latter  reached  its  highest  point  and  dwelt 
there  for  a  small  interval  of  time,  during  which  both  the  die 
A  and  the  hammer  K  had  performed  their  functions.  The 
ratchet  was  adjusted  to  feed  forward  the  pipe  only  when  the 
anvil  was  down,  and  the  die  A'  and  the  hammer  A'  raised. 
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In  order  to  cool  the  hammer  a  water  pipe  was  arranged  to 
throw  a  small  stream  against  it  when  at  its  highest  point. 

This  machine  had  but  one  defect ;  no  pipe  could  be  made 
upon  it ;  /.  r.,  no  more  than  on  Mr.  Root's  machine.  It  cor- 
rected nearly  all  the  defects  found  in  the  latter,  but  it  also 
introduced  others  which  Mr.  Root  had  not  encountered. 

Mr.  Root  had  run  his  machine  but  a  few  minutes  at  a 
time.  Efforts  were  now  made  to  run  this  machine  steadily, 
but  with  most  discouraging  results.  The  anvil  was  con- 
tinually expanding  and  binding  in  its  guides,  so  that  the 
belt  could  not  drive  the  machine.  The  horn  of  the  anvil 
and  also  the  dies"  were  continually  burning  and  warping  out 
of  line;  the  hammer  would  heat  to  bright  redness  in  three 
or  four  minutes  ;  the  furnace  would  crack  and  allow  the 
water  to  escape  into  the  fire  space,  where  it  was  converted 
into  steam,  and  welding  was  therefore  impossible ;  and  the 
pipe  itself  was  so  corrugated  by  the  hammer  and  the  rolls 
in  the  pipe  mould  that  most  of  it  went  to  the  scrap  pile. 
The  pressure  of  the  pipe  against  these  rolls  was  enormous, 
and  they  were  continually  being  forced  or  skewed  out  of 
place.  The  feed  rolls  were  not  powerful  enough  to  drive 
the  skelp  and  pipe  forward,  and  whenever  the  pipe  stuck — 
which  happened  with  almost  every  piece — it  was  necessary 
to  remove  the  furnace  in  order  to  loosen  it.  To  do  this 
required  the  detachment  of  the  casting  holding  the  fire-brick 
"  lip,"  which  was  bolted  to  the  furnace,  and  as  there  was 
practically  no  clearance  at  this  point  and  all  parts  were 
exceedingly  hot,  this  was  by  no  means  an  easy  operation, 
and  it  usually  took  from  one  to  five  hours  in  order  to 
repair  the  machine  after   every  such  mishap. 

At  this  juncture  two  ideas  occurred  to  me,  and  from  their 
introduction  may  be  dated  the  successful  manufacture  of 
these  tubes. 

First,  if  the  anvil  was  made  stationary  the  tendency  of 
the  pipe  to  rise  from  it  would  prevent  binding,  and  the 
heating  could  be  done  quite  as  well.  Also  the  "lip  "  could 
be  .secured  to  the  side  of  the  stationary  anvil,  which  would 
render  the  removal  of  the  furnace  an  operation  of  a  few 
minutes  only. 
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The  second  idea  was  to  make  the  pipe  moulds  in  sections 
having  inclined  seats  upon  them,  thus  rendering  it  a  simple 
operation,  by  the  use  of  jigs,  to  set  the  rolls  securely  at  the 
mathematical  angles. 

This  was  the  end  aimed  at,  but  never  attained  in  my 
other  pipe  mould.  These  guide  blocks  thus  formed  cost  much 
less  than  the  old  pipe  mould.  The  anvil  was  cored  out  for  a 
water  space,  the  hammer  was  properly  water  cooled  and  its 
speed  doubled,  and  the  feed  rolls  were  geared  together. 

I  also  found  much  difficulty  with  the  dies.  It  is  necessary 
in  order  to  form  these  tubes  that  the  machine  should  be  in 
good  alignment.  The  dies  for  6,  8  and  lo-inch  pipe  are  17 
inches  long,  and  for  12  to  24-inch  pipe  about  37  inches  long, 
and  these  were  necessarily  so  arranged  that  an  intense  blow- 
pipe flame  played  upon  them  continually  at  one  point.  If 
made  of  cast  iron  they  would  heat  to  redness  in  a  few  minutes. 
If  cooled  by  having  holes  bored  in  them  they  would  crack 
and  allow  the  water  to  spirt  through  the  holes.  If  made  of 
cast  steel  and  water  cooled  they  would  warp  in  a  very  short 
time.  If  made  of  wrought  iron  they  would  do  the  same, 
though  not  so  soon.  To  bore  these  out  for  the  water  pas- 
sages was  a  very  expensive  operation.  This  difficulty  was 
solved  by  casting  one-half  inch  water  pipes  in  the  dies  and 
dressing  them  afterwards.  It  was  also  found  that  fasten- 
ing the  upper  die  solidly  to  the  "crimper"  was  not  advan- 
tageous, and  a  seven-eighths  inch  steel  rod  was  half  set  in 
the  "crimper  "  and  riveted  through,  and  the  die  was  grooved 
out  to  fit  this  rod  and  secured  to  it  loosely,  thus  facilitating 
its  seating  upon  the  pipe. 

The  furnace  also  had  a  small  pipe  cast  along  the  edges 
ne.xt  the  fire,  and  the  furnace  was  given  a  shape  different 
from  that  of  Mr.  Root's.  Two  burners  were  arranged  to 
enter  it,  and  the  proportions  of  gas  and  air  were  experi- 
mented with  in  order  to  get  a  reducing  flame.  As  st)on  as 
these  improvements  were  put  upon  the  machine  it  was 
again  tried,  and  a  thirty-two-foot  length  of  lo-inch  pipe  per- 
fectly straight  was  made  without  hitch  or  trouble.  A  few 
days'  running  showed  the  machine  to  be  too  weak,  and  a  new 
machine,   shown    in    Figs.   7,    tV  and    9,    was  built.     In  this 
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machine  all  the  improvements  mentioned  above  were  incor- 
porated, and  also  an  extra  set  of  feed  rolls  was  mounted  on 
the  skelp  table.  In  the  previous  machine  the  feed  roll 
housing  was  fastened  to  one  side  only,  and  overhung  the 
skelp.  In  addition  to  that  an  extra  set  of  feed  rolls,  shown 
at  A,  was  arranged  with  bearings  on  both  sides  of  the  table, 
which  materially  assisted  in  the  feeding  of  the  large  pipe. 
The  hammer  B  was  forged  of  machinery  steel,  and  water 
pipes  were  conducted  to  it  as  shown.  At  C  can  be  seen  the 
pipes  for  cooling  the  top  die ;  at  D  the  guide  blocks  with 
the  rolls  mounted  upon  them  ;  at  E  the  hammer  connecting 


rod  with  buffer  stuffing  boxes  to  regulate  the  blow,  which 
must  be  light  and  rapid  ;  at  F  the  universal  joints  on  the 
shaft  for  driving  the  feed  rolls  ;  at  6^  a  forward  feed  device 
consisting  of  a  ring  revolving  in  a  suitable  frame  with  the 
rolls  set  at  the  reverse  angle  from  the  guide  blocks.  These 
rolls  were  mounted  on  blocks,  which,  by  means  of  springs, 
allow  for  any  inequalities  m  the  tube.  This  device  is 
practically  a  left-hand  nut,  and  it  is  exceedingly  powerful, 
though  it  is  found  that  the  main  feed  rolls  as  a  rule  are  able 
to  feed  the  pipe  alone. 

Over  800  feet  of  perfect  six-inch  pipe  have  been  turned  out 
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upon  the  new  machine  in  ten  hours.  This  is  nearly  double 
the  amount  originally  estimated. 

Fig.  10  shows  the  cross  welder  constructed  by  Mr. 
Root,  and  Fig.  11  our  present  one.  In  Fig.  10  a  suitable 
frame  A  is  moved  backwards  and  forwards  by  means 
of  the  screw  B.  Mounted  on  the  frame  are  the  two  hammers 
R,  which  are  geared  together  by  the  segments  5  5,  the 
revolution  of  the  hammer  shaft  B  causing  the  hammers  to 
oscillate  to  and  from  each  other  and  meet  on  the  line  of 
weld  of  the  straight  skelp,  which  is  clamped  on  each  side  of 
the  fire-brick  lined  furnace  D. 

This  machine  had  no  method  of  varying  the  feed,  and 
the  new  cross  welder,  shown  in  Fig.  r r,  was  built,  which 
was  run  in  connection  with  an  Evans  friction  cone  counter 
shaft,  so    arranged  that  the  return  motion  is  rapid  and  the 
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speed  constant,  while  the  forward  movement  can  be  varied 
at  will. 

The  stationary  anvil  A  and  the  furnace  B  are  provided, 
and  this  machine  is  able  to  handle  heavy  gauges  of  skelp 
rapidly  and  easily. 

In  these  machines  one  of  the  most  serious  problems  has 
been  the  gas  and  furnace  problem.  To  continuously  heit 
two  edges  of  a  light  metal  to  the  welding  point,  with  not 
more  than  a  foot  in  the  flame  at  any  one  time,  and  to  feed 
this  through  at  the  rate  of  from  twenty  to  forty  inches 
a  minute  and  weld  it,  is  a  problem  which  must  ])e 
seen  to  be  thoroughly  appreciated.  Directing  the  burners 
a    one-half    inch     higher   or    lower   will    often    make    the 
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difference  between  success  and  failure.  The  distance 
of  the  burner  from  the  weld  must  also  be  nicely- 
adjusted — if  too  close  an  oxidizing  flame  may  be  the  result, 
and  if  too  far  away  the  proper  heat  will  not  be  secured,  both 
of  which  will  prevent  welding.  Were  there  but  one  edge  to 
be  heated  the  matter  would  be  comparatively  simple;  but 
when  it  is  considered  that  there  are  two  edges  and  the 
metal  is  often  no  thicker  than  the  sixteenth  of  an  inch,  it  can 
readily  be  appreciated  how  difficult  and  delicate  is  the 
operation,  and  it  was  this  problem,  as  well  as  the  machine, 
that  the  inventor  bequeathed  us  to  solve  in  a  practical  and 
profitable  way. 


PHILADELPHIA  as  a  SEAPORT.* 


By  Capt.  F.  a.  Mahan,  Corps  of  Engineers,  U.S.A. 


When  I  was  invited  to  speak  on  this  subject  this  eve- 
ning, I  imagined  that  I  should  have  difficulty  in  filling  up 
the  time  which  these  lectures  usually  occupy.  I  find,  on  the 
contrary,  that  there  are  so  many  matters  which  have  a  close 
bearing  upon  it,  that  my  difficulty  has  been  to  keep  within 
the  time  which  you  are  willing  to  give  to  me.  Any  one 
who  studies  the  case  carefully  will  soon  find  that  the  plan 
of  improvement  is  almost  the  smallest  portion  of  it.  Inland 
transportation  by  rail  and  water,  financial  questions,  politico- 
economical  considerations  have  features  to  be  examined, 
and  to  treat  of  all  of  them  would  need  the  services  of 
lecturers  for  a  season.  vStill  they  are  not  only  germane 
to  the  cause,  but  they  are  of  vital  importance,  and  the  objec- 
tions rai.sed  by  their  study  must  be  met  before  work  can  be 
put  on  a  fair  and  sure  basis.  As  these  cannot  all  be  dis- 
cussed to-night,  I  shall  only  touch  on  some  of  them  lightly 
in  speaking  of 

PHILADELPHIA    AS  A    SEAPORT. 

Philadelphia,  the  third  city  of  the  United  States  as 
regards  population,  the  first  or  second  as  regards  manufac- 

♦  A  lecture  delivered  before  the  Franklin  Institute. 
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tures,  is  situated  on  the  right  bank  of  the  Delaware  River, 
at  a  distance  of  about  100  miles  from  the  ocean.  Connected 
with  the  interior  of  the  country,  as  it  is,  by  means  of  three 
great  railway  systems  we  should  expect  to  find  it  the  centre 
of  an  extensive  trade  by  sea.  We  all  know  that  this  is  not 
the  case. 

What  are  the  requirements  of  a  great  seaport  ? 

(i)  Vessels  must  be  able  to  come  in  and  go  out  at  all 
times  loaded  to  their  full  capacity. 

(2)  Ready  means  must  be  at  hand  whereby  one  cargo  mav 
be  removed  and  the  next  one  stored. 

(3)  There  must  be  plenty  of  space  whereon  goods  arriving 
or  going  out  may  be  placed  temporarily  after  discharge  or 
before  shipment. 

(4)  Transportation  to  and  from  the  interior  of  the  country 
must  be  supplied,  as  a  city  produces  nothing.  It  may  trans- 
form what  is  produced  elsewhere,  but  it  produces  nothing. 

(5)  Opportunities  for  having  vessels  trading  at  the  port 
repaired  must  be  provided,  and  they  must  be  such  that 
work  can  be  done  at  reasonable  rates. 

Examination  of  the  above  requirements  shows  that  they 
all  have  one  object  in  view :  to  prevent  loss  of  time.  There 
is  no  truer  saying  in  our  language  than  "  Time  is  money." 
To  explain  the  application  of  the  above  requirements  let 
us  take  the  case  of  a  ship  costing  (say)  $300,000,  and  assume 
that  she  is  expected  to  net  her  owners  six  per  cent,  on  the 
investment.  This  means  SiS,ooo  a  year,  or  about  §50  a  day. 
In  order  to  earn  this  a  certain  amount  of  freight  must  be 
carried  in  the  course  of  a  year;  in  other  words,  a  certain 
number  of  voyages  must  be  made.  In  the  length  of  the 
voyage  must  be  included  not  only  the  time  at  sea,  but 
also  the  time  of  discharging  one  cargo  and  taking  in 
another,  the  time  of  removing  the  former  from  and  deliver- 
ing the  latter  at  the  wharf,  the  time  required  to  go  from 
the  open  sea  to  the  wharves  and  the  time  to  return. 

Let  us  suppose  further  that  under  the  natural  conditions 
she  is  able  to  make  six  round  trips  a  year  to  the  home  port 
from  the  foreign  port.  vSuppose  now  that  the  foreign  port 
makes  improvements  whereby  the  time  needed  between  the 
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open  sea  and  the  wharves  is  reduced  one  day  in  each 
direction,  and  that  the  time  required  to  discharge  and 
receive  cargo  be  reduced  from  two  weeks  to  one,  we  have  a 
clear  gain  on  each  voyage  of  nine  days.  On  the  six  round 
trips  there  is  a  gain  of  fifty-four  days,  or  very  nearly  an 
additional  trip  in  the  course  of  the  year.  In  other  words, 
the  income  from  the  investment  will  amount  to  seven  per 
cent,  nearly  instead  of  six.  If  a  port  then  shows  that  by 
its  improvements  or  advantages,  vessels  can  make  their 
voyages  with  a  minimum  loss  of  time,  that  is  the  port,  all 
else  being  equal,  which  will  be  most  frequented. 

Let  us  examine  the  port  of  Philadelphia  in  regard  to  the 
above  requirements. 

In  order  that  vessels  may  be  able  to  come  in  and  go  out 
at  all  times,  loaded  to  their  full  capacity,  two  things  are 
required:  (i)  The  waterway  must  be  ample  ;  (2)  it  must  be 
clearly  defined.  A  reference  to  the  map  shows  the  water- 
way, and  the  method  of  defining  it.  A  description  of  Dela- 
ware Bay  and  river,  as  they  are  found  by  a  vessel  coming  from 
sea,  gives  us  first  a  break  eleven  and  one-half  miles  wide  in 
the  shore  line.  This  break  is  the  mouth  of  the  bay.  Before 
entering  there  are  shoals  to  be  avoided.  Those  lying  near 
the  New  Jersey  end  of  the  imaginary  line  joining  Cape 
May  with  Cape  Henlopen,  are  McCries',  Epps',  North, 
Middle  and  South  vShoals,  Mummy  and  Round  Shoals.  The 
last  two  are  on  the  bay  side  of  the  line.  Just  off  Cape 
Henlopen  is  the  Hen  and  Chickens'  Shoal.  Between  these 
there  is  a  channel  of  generous  width  and  ample  depth  so 
that  vessels  drawing  thirty  feet  may  enter  the  bay  at  any 
tide,  and  go  up  to  a  point  half-way  from  Ship  John  Shoal 
light  to  Port  Penn. 

After  entering  the  bay  the  channel  is  very  straight,  and 
is  well  marked  by  means  of  lights  for  night  travel  and  by 
day-marks  and  buoys  for  day  trips. 

After  passing  the  light-house  at  Ship  John  Shoal,  a  ves- 
sel runs  straight  on  the  range  indicated  by  the  two  lights 
at  Port  Penn.  A  little  above  the  front  light  of  the  Port 
Penn  range  is  the  Reedy  Island  light.  This  light  has  a  red 
cut,  and  so  soon  'as  a  vessel  enters  the  red,  her  course   is 
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changed  to  the  right  and  the  Finn's  Point  range  is  taken  up 
and  held  until  the  New  Castle  range  is  found.  This  range 
is  followed  until  the  vessel  enters  the  red  rays  of  the  Finn's 
Point  range  rear  light,  when  the  course  is  again  changed  to 
the  right  to  the  Deep  Water  Point  range.  Hence  the  vessel 
follows  the  Cherry  Island  Flats,  Schooner  Ledge,  Tinicum 
Island  and  Fort  Mifflin  Bar  Cut  ranges  up  to  what  is  called 
the  Horseshoe,  a  curve  in  the  river  just  above  the  mouth  of 
the  vSchuylkill.  The  ranges  here  are  indicated  by  limits 
shown  by  the  lights  of  the  E.  and  W.  groups. 

It  has  now  been  shown  how  vessels  reach  Philadelphia. 
It  is  not  possible  for  vessels  of  the  largest  size  to  come  up 
the  river  for  the  reason  that  the  depth  of  water  is  insuffi- 
cient at  some  points.  The  rise  of  the  tide  is,  on  an  average^ 
about  six  feet.  Vessels  to  be  safely  and  easily  handled 
should  have  a  clear  foot  and  one-half  or  two  feet  underneath 
them.  There  are  places  in  the  river  below  the  city  where 
the  depth  at  low  water  does  not  exceed  twenty-one  or 
twenty-two  feet.  Add  to  this  six  feet  for  rise  of  tide,  and 
we  get  twenty-seven  to  twenty-eight  feet  actual  depth  of 
water  but  only  twenty-six  or  twenty-six  and  one-half  feet 
available  depth. 

The  formation  of  these  obstructions  or  bars  takes  place 
usually  down-stream.  It  is  the  result  of  the  action  of  the 
various  forces  developed  by  tides,  winds,  rains  and  passing 
objects. 

Beginning  at  Bridesburg  we  find  a  good  channel  with 
twenty  to  thirty  feet  of  water  until  we  reach  Fisher's  Pointy 
a  little  below  which  is  Five-mile  Bar,  a  shoal  which  starts 
from  the  north  shore  of  the  river  between  Bridesburg 
and  Richmond  and  makes  southwardly  and  westwardly  to 
the  head  of  Petty's  Island,  obstructing  both  the  channels 
about  the  island.  The  channel  north  of  Petty's  Island, 
between  it  and  the  city,  is  good  and  has  plenty  of  water. 

To  cut  away  the  bar  a  Board  of  Engineer  officers  recom- 
mended, in  1885,  the  construction  of  a  dyke  from  Fisher's 
Point  toward  the  head  of  Petty's  Island.  This  dyke  was 
built  3,000  feet  long  in  1886  with  its  top  at  the  level  of  mean 
low  water.     In  1888  it  was  seen  that  to  accomplish  its  work 
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the  dvke  should  be  lengthened  1,000  feet  and  should  have 
its  top  raised  to  eight  feet  above  low  water.  This  change 
caused  a  marked  gain  in  the  action  of  the  dyke  and  an 
increase  in  the  depth  of  water  on  the  bar  from  eight  to 
eleven  and  one-half  feet,  with  a  breadth  of  500  feet,  at  low 
water. 

Coming  down  stream  we  find  plenty  of  water  all  along 
the  city  front  until  we  go  below  the  mouth  of  the  Schuyl- 
kill River. 

Lack  of  depth  is  not  the  only  obstruction  to  the  free 
use  of  a  stream.  Surface  room  is  needed  ;  in  other  words, 
width  of  channel,  so  that  vessels  may  pass  each  other,  and, 
when  necessary,  have  space  in  which  to  turn  around.  This 
space  is  seriously  lacking  in  front  of  the  city.  It  exists 
from  above  Petty's  Island  to  the  lower  end  of  Smith's 
Island.  Between  these  two  islands  the  river  makes  a  bend 
of  90°,  passing  from  a  westwardly  to  a  southwardly  course. 
The  bar  which  began  above  Petty's  Island  continues  down- 
stream and  is  finally  lost  below  Smith's  Island.  The  chan- 
nel between  these  islands  and  the  New  Jersey  shore  is  too 
shoal  for  deep  draught  vessels. 

For  a  long  time  it  has  been  recognized  that  these  islands 
:ire  greatly  in  the  way.  Much  time  and  thought  has  been 
given  to  what  is  best  to  be  done  for  the  good  of  the  harbor. 
The  matter  was  referred  to  a  Board  of  Engineer  officers  in 
the  spring  of  1888  and  they  recommended  the  removal  of 
Smith's  and  Windmill  Islands  and  a  slice  of  Petty's  Island, 
and  the  establishment  of  two  lines  as  the  boundaries 
beyond  which  the  ends  of  the  piers  on  the  two  sides  of  the 
river  should  not  extend.  The  price  of  the  two  small  islands 
and  the  slice  of  the  larger  having  been  fixed,  it  was  paid  by 
contributions  from  the  United  States,  the  State  of  Pennsyl- 
vania and  the  city.  An  appropriation  for  beginning  the 
removal  of  these  obstructions  is  contained  in  the  last  River 
and  Harbor  Bill,  and  specifications  for  doing  the  work  are 
now  under  preparation  by  my  colleague.  Major  C.  W.  Ray- 
mond, Corps  of  Engineers,  who  is  in  charge  of  the  improve- 
ment of  the  Delaware  River. 

Continuing  our  way  down  the  river  we  come  to  what  is 
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known  as  the  Horseshoe,  in  which  the  main  obstruction  is 
the  winter's  ice.  This  is  kept  from  blockin^r  the  river  by 
ice-boats,  which  are  very  powerful  tugs  especially  fitted  out 
for  the  purpose  of  breaking  up  the  ice  so  that  it  may  float 
off  in  small  chunks. 

Beyond  the  mouth  of  the  Schuylkill  we  find  two  deep 
channels,  separated  by  the  Fort  Mifflin  Bar,  which  takes  its 
name  from  the  near-at-hand  Fort  Mifflin,  one  of  the  old-time 
fortifications  of  the  city.  Before  1873  this  bar  had  not  more 
than  seventeen  feet  of  water  over  it.  In  that  year  dredging 
was  begun  in  order  to  deepen  the  water,  but  on  account  of 
the  position  of  the  cut  it  silted  up  again  very  soon.  In  1878 
the  direction  of  the  cut  was  changed  and  it  was  dredged  to 
a  depth  of  twenty-six  feet  and  a  width  of  503  feet.  This 
depth  was  increased  by  scour  to  twenty-eight  and  thirty 
feet,  but  it  did  not  last  long  as  we  find  that  it  had  diminished 
to  twenty-four  feet  in  1S80,  and  to  twenty-two  feet  in  1881  ; 
the  width  had  also  been  reduced.  In  1883  the  attempt 
was  renewed  with  no  better  results.  The  Board  of  Engineers 
of  1885  recommended  the  construction  of  a  dyke  from  Hog 
Island  to  Maiden  Island,  and  extended,  perhaps,  to  Tinicum 
Island  ;  the  dyke  to  be  built  up  gradually  to  the  level  of 
mean  low  water.  This  dyke  was  begun  in  1885  and  finished 
to  Maiden  Island  in  1888.  It  is  7,000  feet  long  and  made  of 
rip-rap  laid  on  brush  mattresses.  The  object  of  this  dyke 
was  to  deflect  the  main  part  of  the  water  which  flowed 
between  Tinicum  Island  and  the  Pennsylvania  shore  into 
the  better  channel  east  of  the  island.  In  order  to  hasten 
the  deepening  of  the  channel  and  to  see  if  the  dyke  could 
maintain  it  a  cut  was  dredged  during  October  and  Novem- 
ber of  1888,  250  feet  wide,  with  a  least  depth  of  twenty-six 
feet  at  the  sides  and  twenty-eight  feet  at  the  middle.  Surveys 
made  from  time  to  time  show  that  up  to  May,  1890,  a  gradu:il 
shoaling  went  on,  so  that  in  that  month  only  25'6  feet  was 
found.  But  the  dyke  has  had  a  great  influence  in  that  neigh- 
borhood, as  the  depth  of  water  on  the  shoal  has  increased 
from  one  to  three  feet  over  a  space  8,000  feet  long  and  1,200 
feet  wide.  Built  to  the  level  of  low  water  only,  the  dyke 
could   not   maintain   a  channel  600  feet   wide  and   26    feet 
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deep.  In  accordance  with  the  experience  had  at  Fisher's 
Point,  the  up-stream  half  of  the  dyke  will  probably  be  raised 
to  two  feet  above  mean  high  water.  It  is  possible  that  an 
auxiliary  dyke  may  have  to  be  built  out  of  the  New  Jersey 
shore. 

Continuing  our  trip  down  the  river  we  come  to  Schooner 
Ledee  in  the  middle  of  the  channel  between  Chester  and 
Marcus  Hook.  This  obstruction  is  a  ledge  of  rock  over 
which,  in  1879,  there  was  a  narrow  channel  twenty-four  feet 
deep,  while  close  by  it  were  points  of  rock  standing  under 
eighteen  or  nineteen  feet  of  water.  Inasmuch  as  blasting 
under  water  is  more  difficult  and  more  expensive  than  mere 
dredging,  the  opening  of  a  channel  here  has  cost  much,  but 
when  opened  it  stays.  A  recent  survey  shows  that  by 
re-adjusting  the  range  lines  a  channel  1,600  feet  wide 
and  26  feet  deep  can  be  had  at  much  less  expense  than 
supposed. 

Next  beyond  Schooner  Ledge  we  find  the  Cherry  Island 
Flats,  extending  from  about  Edgemoor  to  a  little  below  the 
mouth  of  Christiana  Creek,  on  which  is  situated  the  busy 
little  town  of  Wilmington.  In  1879  this  shoal  was  two 
miles  long,  with  only  seventeen  to  twenty-two  feet  of  water 
on  it.  Dredging  was  begun  during  the  years  1879-80,  and 
has  been  continued  steadily  since  then.  The  channel  has 
now  a  depth  of  twenty-six  feet  and  seems  to  be  permaneut. 

A  little  below  New  Castle  the  river  suddenly  widens  and 
at  the  same  time  makes  a  sharp  bend,  changing  its  direction 
about  65^.  The  change  of  direction  from  the  Deepwater 
Point  range  to  the  New  Castle  range  is  very  gradual  along 
a  curve  of  which  the  ends  are  defined  by  the  red  sector  of 
the  Finn's  Point  range  rear  light.  •  About  half  a  mile 
above  the  upper  radius  of  the  sector  the  shoal  begins  to 
have  less  than  eighteen  feet  of  water  at  low  tide.  Follow- 
ing the  bend  of  the  river  the  shoal  gradually  gains  height 
and  finally  develops  as  Pea  Patch  Island,  on  which  stands 
Fort  Delaware,  another  of  the  old-time  defences  of  Phila- 
delphia. This  shoal  is  known  as  Bulkhead  Shoal,  about  the 
most  troublesome  place  on  the  river.  Vessels  were  reported 
in  1880,  1 88 1,  1882  as  having  constant  delay  there,  running 
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aground  and  having  to  wait  for  high  water.     Dredging  had 
been  tried  there,  but  with  almost  no  success. 

It  will  be  noticed  by  the  positions  of  the  four-fathom 
curve  above  and  below  the  shoal  that  there  are  apparently 
two  channels,  one  formed  by  the  ebb  and  the  other  by  the 
flood  tide.  The  ebb  channel  is  the  one  to  the  eastward, 
and  it  is  constantly  shifting  a  little  more  to  the  east. 
The  flood  or  west  channel  has  a  motion  to  westward. 
They  are  thus  moving  apart. 

To  improve  this  shoal  two  dykes  are  proposed,  their 
position  and  extent  being  determined  by  the  conditions : 
(i)  To  deflect  the  currents  on  the  bar  and  make  them  aid  in 
getting  and  keeping  the  desired  depth;  (2)  to  check  the 
hurtful  changes  now  in  progress;  (3)  to  connect  the  deep 
water  above  and  below  the  bar  by  a  channel  having  a 
direction  convenient  for  navigation.  One  of  these  dykes  is 
to  begin  at  the  head  of  Pea  Patch  Island  and  extend  up- 
stream. Its  middle  and  lower  parts  are  intended  to  train 
the  flood  currents  on  the  bar  and  prevent  the  westward 
movement  of  the  flood  channel,  while  the  uoper  is  to  catch 
part  of  the  ebb  down  the  Delaware  channel  and  add  it  to 
the  current  from  the  east  dyke,  which  starts  from  the  New 
Jersey  shore  and  passes  obliquely  across  the  ebb  channel  to 
concentrate  the  ebb  current  on  the  bar.  These  dykes  are 
not  yet  under  construction.  They  will  be  built  up  to  the 
level  of  high  water. 

Below  Pea  Patch  Island  a  bar  extends  to  a  point  abreast 
of  where  the  New  Castle  and  Finn's  Point  ranges  intersect, 
the  water  regaining  a  depth  of  eighteen  to  twenty  feet. 
Opposite  this  spot  is  found  Reedy  Point  on  the  Delaware 
shore,  whence  begins  a  bar  which  gradually  rises  and  forms 
Reedy  Island,  at  the  down-stream  end  of  which  is  a  light 
having  a  red  sector  to  indicate  the  point  of  turning  from  tliL* 
Port  Penn  to  the  Finn's  Point  range. 

Just  at  this  turn  the  water  loses  its  depth  and  the  place 
is  called  Baker's  Shoal.  To  correct  this  place  the  Board  of 
Engineers  of  1885  recommended  the  construction  of  a  dyke 
about  25,000  feet  long,  V)eginning  at  the  lower  end  of  Reedy 
Island.  Of  this  dyke  nearly  6,000  feet  is  done.  Just  below 
Vol.  C.X.XXIII.  13 
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this  shoal  the  river  narrows  again  and  the  channel  depth 
becomes  great  until  a  point  about  three  miles  above  Bom- 
bay Hook  Roads  is  reached.  In  this  stretch  of  three  miles 
the  water  is  about  twenty-one  to  twent3^-two  feet  deep  at  low 
tide,  with  six  feet  more  when  the  tide  is  up.  After  once 
reaching-  Bombay  Hook  Roads  vessels  have  no  further 
diiriculty  so  far  as  depth  of  water  is  concerned. 

The  shoals  of  the  river  have  taken  up  a  good  deal  of  our 
time,  but  this  has  been  necessary  in  order  to  show  that 
Philadelphia  lacks  the  first  essential  for  a  great  seaport. 
The  largest  vessels  cannot  come  here  because  there  is  not 
sufficient  water.  In  fact  I  believe  that  the  greatest  draught 
of  a  vessel  leaving  the  port  is  twenty-seven  and  one-half  feet. 
With  the  present  channel  the  pilot  who  takes  out  a  vessel 
so  deep  in  the  water  must  know  every  foot  of  the  road  from 
the  city  to  the  sea  better  than  the  majority  of  my  hearers 
know  the  floors  of  their  houses ;  he  must  have  plenty  of 
nerve  and  keep  perfectly  cool.  With  these  and  no  bad  luck 
he  may  succeed  in  going  through,  but  there  is  an  element 
of  risk  of  which  few  men  will  care  to  shoulder  the  responsi- 
bility. 

We  therefore  dismiss  the  first  condition  as  unfulfilled. 

The  second  condition  is  that  ready  means  must  be  at 
hand  whereby  one  cargo  may  be  removed  and  the  next  one 
stowed. 

Let  me  here  call  your  attention  to  an  important  point 
which,  it  appears  to  me,  is  frequently  overlooked  in  discuss- 
ing this  question.  With  very,  very  few  exceptions  no  city 
is  a  producer.  It  may  be  a  manufacturing  place  gaining  its 
prosperity  by  transformations,  or  it  may  be  commercial  and 
find  its  riches  by  transhipment  from  one  style  of  conveyance 
to  another. 

Cities  on  the  seashore,  and  indeed  on  most  navigable 
highways,  partake  more  or  less  of  both  characters,  seeing 
that  no  matter  to  what  extent  mere  commercial  business  is 
carried  on  there  must  also  be  more  or  less  of  manufactur- 
ing. In  fact,  the  very  necessities  of  a  town  must  cause  the 
changes  in  raw  material  required  to  meet  the  wants  of  the 
people.     As  illustrations  I  may  mention  Savannah  and  New 
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Orleans  as  essentially  commercial  cities,  while  Philadelphia 
is  essentially  manufacturing,  and  New  York  partakes  largely 
of  both  sorts,  the  commercial  predominating. 

Now,  as  a  city  produces  nothing,  ever>'thing  must  be 
brought  to  it,  and  consequently  facilities  for  handling  should 
be  provided.  Considering  our  special  case,  Philadelphia 
needs  enormous  quantities  of  raw  materials.  With  all  her 
great  shipyards,  machine  shops,  woollen  and  cotton  mills 
and  factories  of  so  many  sorts  that  to  mention  them  would 
require  an  evening,  she  does  not  produce  a  single  initial 
effect.  The  ore,  the  raw  cotton,  the  wool,  the  wood  and  the 
thousand  other  things  which  she  transforms  into  articles  of 
use  or  luxury  must  every  one  be  brought  to  her,  and  not 
only  they  but  two  great  elements  of  change,  fire  and  water 
have  to  come  from  afar. 

In  general  terms  then  we  may  say  that  the  essential  fea- 
ture of  a  city's  existence  is  labor  in  some  shape  or  other. 
Labor  is  mainly  the  cause  of  increase  in  the  value  of  mate- 
rial. The  value  of  a  tree  standing  in  the  forest,  or  of  ore 
buried  in  the  ground  is  as  nothing  when  compared  with  the 
finished  products  obtained  from  either.  Labor  must  first 
be  expended  to  fell  the  tree  or  delve  the  ore.  It  appears  at 
every  turn,  and  when  it  ceases  to  act  the  material  comes  to 
a  stop,  and  there  stays. 

In  a  manufacturing  city,  then,  there  exists  one  great  part 
of  the  increase  of  value,  labor.  But  labor  without  material 
is  nought.  Material  can  be  brought  to  labor  much  more 
cheaply  than  the  reverse  operation  can  be  performed,  there- 
fore where  the  aggregation  of  labor  is  there  exists  the  means 
of  transformation.  A  manufacturing  city  must  have  mate- 
rial and  that  material  must  be  handled.  Handling  must  be 
done  at  the  lowest  possible  cost,  else  the  price  of  the  mate- 
rial is  unduly  increased  and,  indeed,  may  be  made  prohibi- 
tory. We  may  conceive  of  a  vessel-load  of  coal  being 
discharged  by  carrying  it  out  in  hods  on  men's  shoulders. 
It  would  be  a  very  slow  process  and  would  add  enormously 
to  the  price  of  the  fuel.  Now,  as  the  cost  of  the  finished 
article  must  be  kept  as  low  as  possible  in  order  to  compete 
to  advantage  with  other  places,  the   cost  of  handling  the 
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material  must  also  be  kept  at  the  lowest  limit.  Machinery, 
therefore,  is  necessary,  in  plenty  and  of  the  quickest-acting 
type. 

How  ill  provided  with  this  machinery  are  the  Phila- 
delphia wharves  and  piers  is  patent  to  him  who  will  look  at 
them.  To  any  one  who  has  seen  the  splendid  equipment 
of  almost  all  the  great  foreign  seaports  this  lack  in  our  own 
is  not  pleasant  to  contemplate.  To  mention  only  one  case 
I  will  speak  of  Antwerp  where  along  the  entire  length  of  the 
quay  are  found  at  intervals  of  about  thirty-five  feet,  nozzles 
to  which  movable  hydraulic  derricks  may  be  attached,  and 
these  last  are  so  numerous  that,  if  necessary,  it  is  almost 
always  possible  to  have  two  of  them  working  at  each  hatch 
of  a  vessel.  This  sort  of  thing  struck  me  everywhere.  At 
London,  Liverpool,  Marseilles,  Genoa,  and  at  other  points  I  - 
found  the  same  equipment  of  quick-acting  machinery  made 
necessary  by  the  sharp  competition  existing  among  these 
ports.  In  this,  as  in  manufacturing,  economy  of  time  and 
labor  is  sought.  Consequently  a  machine  is  used  which, 
does  not  get  out  of  order  and  which  needs  no  more  intelli- 
gence to  handle  it  than  that  which  is  sufficient  to  throw  a 
lever.  So  far  as  I  have  been  able  to  learn  we  may  say  that 
the  port  of  Philadelphia  is  unprovided  with  ready  means 
of  discharging  and  loading  vessels.  The  second  condition 
is  therefore  unfulfilled. 

The  third  condition  is  space  for  storing  cargoes  dis- 
charged or  waiting  to  be  taken  on  board. 

How  many  piers  are  there  along  the  water-front  of  the 
city  where  two  cargoes  of  a  trans-Atlantic  liner  could  be 
scored?  Not  one,  I  venture  say,  unless  it  be  in  the 
possession  of  a  railway  for  its  own  use.  But  it  has  been 
found  in  the  great  foreign  ports  that  it  is  necessary  to  have 
this  .space,  so  that  the  operations  of  unloading  and  loading 
may  go  on  without  hitch  or  hindrance.  Where  the  service 
is  properly  organized,  no  difficulty  is  encountered  in  doing 
this.  In  some  places  there  are  platforms,  separated  by  pas- 
sages, devoted  alternately  to  incoming  and  outgoing  mer- 
chandise. By  this  arrangement  time  is  saved  and  an 
element  of  expense  reduced. 
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As  secondary  to  the  second  and  third  conditions  we  must 
have  convenience  of  access  for  vehicles  of  all  sorts,  whether 
drays,  cars  or  anything  else  for  bringing-  or  taking  away 
freight.  These  require  space  in  which  to  move  freely. 
Where  the  space  is  not,  there  we  find  crowds  and  jams,  hard 
to  handle  and  sometimes  almost  impossible  to  untangle.  A 
very  short  walk  along  Delaware  Avenue  will  convince  the 
most  sceptical  that  there  is  no  convenience  for  transporta- 
tion. Then,  too,  how  many  piers  can  be  reached  by  cars? 
When  I  say  reached,  I  do  not  mean  simply  arriving  at  the 
root  of  the  pier,  but  going  out  on  it  so  that  their  loads  can 
be  transferred  direct  to  the  vessel,  or  vice  versa. 

Contrast  this  state  of  affairs  with  the  great  spaces  along 
the  quays  at  Genoa  or  Marseilles  or  Antwerp  or  many 
another  foreign  port.  New  York  is  beginning  to  wake  up 
to  the  necessity  of  space,  and  at  some  parts  of  West  Street 
may  be  found  a  width  of  100  yards  from  the  bulkhead  back 
to  the  building  line.  This  is  none  too  much  for  the  free 
^circulation  of  a  large  trade. 

We  may  say  that  the  third  condition  is  unfulfilled. 

The  fourth  condition  of  transportation  to  and  from  the 
interior  is  fairly  well  met.  Three  important  lines  of  rail- 
way centre  here,  and  through  them  any  part  of  the  country 
may  be  reached.  Still,  here  I  think  is  the  greatest  draw- 
back to  Philadelphia's  endeavor  to  become  a  great  port. 
She  can,  without  doubt,  rival  every  city  on  the  coast  except 
one,  because  none  of  them  is  much  better  off  than  herself, 
but  in  the  struggle  with  New  York  she  is  greatly  handi- 
capped by  the  Erie  Canal.  That,  after  all,  is  the  great 
secret  of  New  York's  success,  and  only  after  it  was  built  did 
New  York  begin  to  outrank  Philadelphia  as  a  seaport. 

I  remember  some  years  ago  seeing  the  remark  made  by 
a  French  writer  that  no  seaport  could  become  great  without 
water  communication  with  the  interior.  This  is  true 
within  limits.  Foreign  nations  understand  this  much 
better  than  we,  and  they  are  constantly  adding  to  their 
canal  systems.  A  boat  can  now  be  sent,  in  France,  from 
Dunkirk  on  the  North  Sea  to  Marseilles  on  the  Mediter- 
ranean  and  thence   to  Bordeaux  or  Havre  on  the  Atlantic. 
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Belgium  is  a  network  of  canals,  and  Germany  is  studying 
the  subject  with  many  great  projects  in  view.  In  France 
the  most  enlightened  development  has  taken  place  and 
canals  are  constructed  on  a  uniform  gauge  after  the  manner 
of  railways.  So  fully  is  the  value  of  these  navigable  high- 
ways appreciated,  and  so  well  is  their  function  understood, 
that  some  of  the  most  powerful  railway  companies  are  their 
enthusiastic  financial  supporters,  realizing  that  there  is 
much  which  canals  can  carry  as  well  as  they,  and  at  cheaper 
rates. 

In  our  own  country,  unfortunately,  there  is  almost  no 
one  to  look  after  the  canals. 

Mr.  Albert  Fink,  the  head  of  the  great  railway  pooling 
interests,  testified  before  a  Committee  of  the  Senate  that 
water  transportation  is  the  one  check  on  railway  rates. 
Compare  the  cost  of  transportation  of  grain  from  Chicago 
to  New  York  when  the  Erie  Canal  is  open  and  when  it  is 
closed.  It  is  to  the  interest  of  the  railways  to  close  the 
canals;  and  to  them  may  be  traced  the  cry  that  canals- 
are  out  of  date.  Legislators  are  easily  influenced 
by  passes  over  the  railways,  and  canals  having  noth- 
ing to  offer,  suffer.  If  the  same  improvements  had 
been  made  in  canals  which  have  been  made  in  rail- 
ways, if  the  same  study  had  been  given  to  them,  if  the 
same  care  had  watched  over  their  interests,  we  should 
not  hear  to-day  that  canals  are  useless.  Even  in  its  present 
old-time  condition  the  Erie  Canal  carries  in  seven  months 
one-third  of  all  the  grain  going  to  New  York  during  each 
year.  In  other  words,  the  many  lines  of  railway  centring 
in  New  York,  with  all  their  modern  improvements,  require 
six  months  to  do  what  the  one  old-fashioned  canal  does  in 
seven.  I  am  convinced  that  the  last  chapter  on  American 
canals  will  not  be  written  for  many  a  long  day. 

But  we  are  not  here  to  discuss  canals.  Still  these  few 
words  seem  germane  to  our  fourth  requisite  of  interior 
transportation. 

The  fifth  condition  is  that  vessels  trading  at  the  port 
must  have  opportunities  for  making  repairs  at  reasonable 
rates. 
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I  have  not  had  the  time  to  investigate  this  subject  in 
Philadelphia,  but  I  do  know  that  in  New  York  no  foreign 
ship  will  make  repairs  if  they  can  possibly  be  put  off  until 
the  home  port  is  reached.  From  the  little  I  have  heard* 
however,  I  should  judge  that  the  cost  of  repairs  in  Philadel- 
phia is  such  as  to  make  a  vessel  try  to  have  them  done 
elsewhere,  and,  furthermore,  the  facilities  which  exist  here 
at  the  present  time  are  not  sufficient  for  an  extended  trade. 

Having  shown  to  what  an  extent  the  port  is  lacking,  let 
us  look  around  a  little  and  see  what  can  be  done  to  remedy 
defects. 

The  policy  of  the  general  government  is  simply  to  make 
the  path  of  a  vessel  clear  from  the  deep  sea  to  the  port,  or 
from  one  port  to  another  along  a  stream.  Under  no  circum- 
stances has  it  ever  undertaken  to  improve  the  commercial 
■facilities  of  a  city  so  as  to  simplify  any  of  the  operations  of 
unloading  or  loading  cargo.  It  does  take  under  its  charge 
all  the  improvements  which  come  under  the  first  condition 
of  a  seaport,  that  vessels  must  be  able  to  come  in  and  to  go 
out  at  all  times  loaded  to  their  full  capacity. 

We  have  already  seen  what  has  been  done  at  many  points 
along  the  river  and  it  is  likely  that  work  will  be  continued 
along  these  lines  for  a  long  time  to  come. 

The  many  calls  made  on  the  treasury,  the  absurd  jealousy 
of  one  part  of  the  country  as  regards  the  others,  the  uncer- 
tainty of  appropriations,  are  all  so  many  forces  retarding  the 
completion  of  any  given  work.  So  long  as  the  press  of  one 
city  regards  the  work  in  its  neighborhood  as  all-important, 
and  denounces  all  work  done  elsewhere  as  robbery,  as  a 
political  job,  as  unnecessary  to  the  commercial  interest  and 
development  of  the  country,  just  so  long  will  Congress  be 
hesitating  in  the  matter  of  appropriations.  Then,  tot),  it 
must  be  acknowledged  that  much  is  included  in  the  appro- 
priations which  would  better  be  left  out.  Members  of  Con- 
gress are  but  human  after  all,  and  so  long  as  the  services  of 
any  one  of  them  are  judged  by  the  amounts  of  money 
obtained  for  his  district,  just  so  long  must  unworthy  measures 
clog  the  completion  of  those  which  are  good.  Still,  these 
unworthy    items  are   by   no  means  so  many,  nor   do  they 
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involve  the  sums  which  the  outcries  of  the  press  would  lead 
us  to  suppose.  Taken  as  a  whole,  there  is  probably  no  item 
of  expenditure  made  by  the  people  of  these  United  States 
which  brings  in  so  large  a  return  in  increased  prosperity  for 
the  whole  as  this  same  much-abused  and  roundly-denounced 
River  and  Harbor  Bill. 

There  is  no  doubt  that  more  would  be  accomplished  for  the 
money  spent  if  the  people  would  consent  to  leave  the  direc- 
tion of  funds  in  the  hands  of  disinterested  persons  who 
could  weigh  the  merits  of  each  case  and  determine  the  early 
finishing  of  works  of  prime  importance,  leaving  the  second- 
ary and  tertiary  ports  for  later  consideration.  But  the 
people  will  not  have  it  so,  and  the  treatment  of  ports  is  very 
often,  in  respect  to  funds,  inversely  as  their  commercial 
values. 

These  points  may  explain  why  Government  work  is  gen- 
erally so  slow  in  completion.  They  are  mentioned  here  to 
explain  the  cause  of  the  great  length  of  time  which  must 
probably  pass  before  the  works  for  the  improvement  of  the 
Delaware  are  done. 

The  second,  third  and  fifth  conditions  must,  under  our 
system,  belong  either  to  the  city  or  its  citizens,  but  before 
considering  them  let  us  take  a  look  abroad  and  see  what  is 
done  at  some  of  the  more  important  points. 

A  person  who  has  not  interested  himself  in  going  among 
the  great  seaports,  and  indeed,  among  many  of  the  smaller 
ones,  can  have  no  idea  of  the  enormous  sums  of  money  which 
have  been  spent  and  are  now  a-spending  on  the  improve- 
ment of  harbor  facilities.  The  competition  between  the 
ports  of  the  countries  of  Europe  is  tremendous.  Every- 
where the  works  planned  and  building  are  almost  of  stu- 
pendous size.  Italy,  France,  Germany,  Holland,  Belgium 
and  England  are  spending  vast  amounts.  In  some  of  these 
States  the  general  government  mainly  does  the  work,  as  in 
France  and  Germany  ;  in  others,  it  is  divided,  the  general 
government  taking  a  part  of  the  load  as  in  Italy,  Holland 
and  Belgium,  while  in  England  everything  is  done  by  pri- 
vate or  corporation  enterprise  with  little  or  no  assistance 
from  the  State. 
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Go  to  London  or  Liverpool  and  see  the  miles  of  quays 
and  acres  of  docks  built  bv  private  capital  and  learn  from 
them  how  wise  has  been  this  vast  expenditure.  Think  on 
the  Clyde  and  the  Tyne,  how  from  insignificant  streams 
they  have  become  the  bearers  of  a  mighty  commerce.  Again 
consider  Manchester  and  the  titanic  work  she  is  pushing 
through  in  the  shape  of  a  canal  thirty-five  and  one-half  miles 
long  which  will  enable  vessels  drawing  twenty-five  feet  of 
water  to  come  to  her  docks  after  overcoming  an  ascent  of 
sixty  feet. 

That  these  works  are  no  child's  play  will  be  shown  by  a 
few  figures.  Take  first  the  Manchester  canal :  It  is  thirty-five 
and  one-half  miles  long,  the  minimum  width  at  the  bottom 
is  120  feet  for  a  length  of  thirty  and  one-half  miles,  and  170 
feet  for  the  remaining  five  miles.  The  average  width  at 
the  water  level  is  172  feet.  The  minimum  depth  is  26  feet. 
These  figures  give  a  total  excavation  of  30,000,000  of  cubic 
yards  for  the  trunk  of  the  canal,  provided  that  in  no  place 
does  the  ground  along  its  sides  lie  higher  than  the  surface 
of  the  water.  But  no  consideration  is  made  of  the  excava" 
tion  for  docks  or  locks.  The  water  surface  of  the  docks  is 
1 33 J  acres,  all  to  be  dug  out  of  the  earth.  Of  the  locks  there 
are  fifteen  : 

I 600  feet  long  by  80  feet  wide. 

4 600  "  65 

I 600  "  45 

I 400  "  45 

I 350  "  50 

4 350  "  45 

1 250  "  45 

I 229     "     42M  " 

I 150     "     30 

To  can*)'  on  this  work  requires  100  steam  excavators,  1/3 
locomotives,  194  steam  and  other  derricks,  1S2  portable  and 
other  steam  engines,  209  steam  pumps,  6,300  cars,  59 
pile-drivers  and  223  miles  of  temporary  railway:  16,361 
men  and  boys,  and  196  horses  are  employed.  Of  coal  about 
10,000  tons  are  used  every  month,  and  of  cement  about 
8,000  tons  or  44,000  barrels  of  400  pounds  each.     I  have  been 
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unable  to  find  any  estimate  of  the  cost  of  the  work,  but  I  am 
sure  that  I  shall  be  well  within  the  mark  when  it  is  put  at 
$50,000,000. 

The  relative  situation  of  Manchester  and  Liverpool  is 
very  similar  to  that  existing  between  Philadelphia  and  New 
York.  Manchester,  like  Philadelphia,  is  essentially  a  manu- 
facturing place.  Liverpool,  like  New  York,  is  commercial. 
All  of  Manchester's  business  was  done  through  Liverpool, 
as  almost  all  of  Philadelphia's  is  done  through  New  York. 
The  transportation  between  Manchester  and  Liverpool,  as 
between  Philadelphia  and  New  York,  is  mainly  by  rail. 
Rail  freight  charges  were  oppressive,  so  the  Manchesterians 
rose  and  said  they  would  stand  that  sort  of  thing  no  longer; 
and  proceeded  to  make  a  canal  and  to  render  themselves 
independent  of  Liverpool,  and  to  do  their  own  shipping. 

Let  us  turn  now  to  Glasgow  and  see  what  she  has  done 
with  the  Clyde,  which,  in  the  middle  of  the  last  century, 
was  so  insignificant  a  stream  that  it  could  be  forded  twelve 
miles  below  the  city.  From  1770  to  June  30,  1890,  there 
"had  been  spent  on  the  improvement  of  the  Clyde  $60,000,- 
000  in  round  numbers.  Much  material  has  been  scoured 
from  the  bed  of  the  river  through  the  agency  of  dykes, 
training  walls  and  other  works,  and  in  addition  to  this,  over 
36,000,000  cubic  yards  have  been  removed  by  dredging. 
Instead  of  a  petty  stream,  across  which  one  could  almost 
walk  dryshod,  there  is  now  a  channel  through  which  vessels 
drawing  twenty-four  feet  can  pass  at  any  stage  of  the  tide. 
It  may  also  be  mentioned  that  the  revenues  accruing  from 
these  enormous  expenditures  have  been  most  satisfactory, 
as  they  amount  to  §40,000,000  in  round  numbers,  or  sixty- 
six  and  two-thirds  per  cent,  on  the  investment,  which  may 
be  regarded  as  an  excellent  interest  in  a  land  where  the 
prevailing  rate  is  from  three  and  one-half  to  four  per  cent. 

\To  be  conlmued.'] 
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{^Proceedings  of  the  stated  meeting,  held  Tuesday,  Febfuary  16,  iSg2.'] 

Hall  of  the  Franklin  Institute, 
Philadelphia,  February  16,  1892. 

Dr.  W.  H.  Wahl,  President  in  the  chair. 

The  Treasurer  made  the  following  report  for  the  year  1891  : 

Cash  on  hand  January  i,  1891, fc^y  33 

Received  : 

By  initiation  fees, |i8  cx5 

Dues,  1890, 56  00 

1891 138  00 

1892, 2  00 

146  00 

164  00 

$261   33 
Expended  ; 

Printing  by-laws, 512  99 

Addressing  and  postage 3'    5° 

Printing  for  secretary 1875 

Envelopes  and  postage  for  treasurer 3  94 

Friedlander's  bill, 62  30 

129  48 

Cash  on  hand  January  i,  1892 H131   8$ 

Outstanding  dues,  1890, 52  c» 

dues,  1891 14  00 

initiation  fees, 2^00 

|i8  00 

The  resignation  of  Dr.  Pcrsifor  Frazcr  was  read  and  accepted. 

A  number  of  bills,  the  contraction  of  which  had  already  been  author i/cd 
by  the  Section,  were  f)rescnteci,  and  on  motion  it  w.is  votetl  that  the  Trcisurcr 
be  authorized  to  pay  them. 
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The  Treasurer  also  presented  a  bill  for  expenses  incurred  in  binding  and 
in  preparing  for  distribution  among  the  members  the  copies  of  vol.  iii,  1891, 
of  the  Proceedings  of  the  Section.  The  President  explained  that  these 
expenses  properly  belonged  to  the  Section  rather  than  to  the  Institute  and 
on  motion  the  payment  of  the  bill  was  authorized. 

Dr.  E.  H.  Keiser  gave  an  account  of  an  investigation  upon  the  compo- 
sition of  the  explosive  copper  and  silver  compounds  of  acetylene.  The 
paper  will  be  published  at  length  subsequently.  The  results  obtained  are  in 
brief  as  follows:  When  pure  acetylene  is  conducted  into  an  ammoniacal 
solution  of  silver  nitrate,  the  yellowish  white  precipitate  which  is  formed  has, 
when  dried,  the  composition  represented  by  the  formula  CsAgo.  It  may  in  fact 
be  regarded  as  acetylene  in  which  both  hydrogen  atoms  have  been  replaced 
by  silver.  The  formula  that  has  generally  been  adopted  for  this  substance 
is  CHoAgoO.  But  such  a  compound  contains  only  8371  per  cent,  of  silver, 
whereas  in  three  specimens  of  the  substance  prepared  by  Dr.  Keiser  the 
quantity  of  silver  found  was  89*32,  89*44  and  89*60  per  cent.  The  formula 
C.Ago  requires  89*9  per  cent,  silver.  That  the  compound  contains  no  hydrogen 
was  shown  by  explodmg  a  weighed  quantity  of  it  in  a  glass  tube  which  had 
been  exhausted  with  an  air-pump  ;  no  hydrogen  was  obtained. 

A  study  of  the  compound  formed  by  acetylene  in  ammoniacal  cuprous 
chloride  showed  that  it  was  similar  in  composition  to  the  silver  compound, 
although  in  this  case  it  was  much  more  difficult  to  obtain  the  substance  perfectly 
free  from  water.  Analyses  showed  that  the  composition  of  the  substance 
after  it  had  been  dried  in  a  vacuum  over  sulphuric  acid,  agreed  very  closely 
with  what  would  be  required  by  the  formula  C2Cu2.>^H20.  The  investi- 
gation will  be  continued. 

The  paper  was  listened  to  with  close  attention  by  the  members  present, 
and  was  followed  by  a  number  of  questions  and  comments. 

Dr.  Bruno  Terne  followed  with  a  paper,  entitled  "  Notes  on  Iron  in  Bone 
Black."  It  was  of  special  interest  in  connection  with  the  application  ot 
bone  black  in  sugar  refining,  and  was  discussed  by  the  author  and  Dr.  S.  C. 
Hooker,  the  latter  from  the  standpoint  of  an  expert  in  sugar  refining.  Dr. 
Hooker  stated  that  in  cases  where  the  percentage  of  iron  reached  a  slifficiently 
high  limit,  it  would  be  imparted  to  the  sugar  solution  rather  than  abstracted 
from  it,  and  hence  such  bone  black  would  do  harm  rather  than  good.  He 
also  stated  that  sugar  itself  in  solution  has  the  power  of  dissolving  iron, 
hence  a  further  reason  for  the  importance  of  eliminating  iron  in  the  manu- 
facture of  bone  black. 

Dr.  Terne's  paper  was  referred  for  publication  in  the  Journal. 

The  Section  then  adjourned. 

Wm.  C.  Day,  Secretary, 
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ANALYSIS   OF  "EGGIO:"  a  PREPARATION   of   the 

YOLK  OF  EGGS. 


By  Charles  S.  Boyer. 


\^Read  at  the  stated  meeting  of  the  Chemical   Section,  January  ig,   iSg2.'\ 

About  a  year  ago  I  had  occasion  to  make  several  analy- 
ses of  **  eggio  " — a  preparation  of  the  yolk  of  eggs.  Aside 
from  the  researches  on  pure  Qgg  yolk,  I  was  unable  to  find 
any  published  analysis  of  .the  commercial  product,  and  it 
may  be  of  interest  to  place  on  record  the  results  of  my 
analysis.  The  ingredients  for  which  the  eggio  was  examined 
were  water,  ash  and  fatty  acids,  these  being  the  only  con- 
stituents of  value  in  the  dressing  of  fine  leathers,  for  which 
purpose  most  of  it  is  used. 

The  method  which  I  used  was  as  follows :  Two  to  four 
grams  of  the  eggio  were  dried  in  a  weighed  platinum  dish 
for  two  to  four  hours  at  110°  C.  and  weighed,  the  loss 
being  regarded  as  water.  In  order  to  facilitate  the  drying, 
a  weighed  quantity  of  coarse,  ignited  sand,  or  small  pieces 
of  infusible  glass,  was  spread  over  the  bottom  of  the  dish. 
This  dry  residue  was  then  ignited  at  a  red  heat  and  the 
resulting  ash  was  calculated  as  mineral  matter.  The  ash 
was  light  gray  to  white  in  color  and  was  tested  qualitatively 
for  lime,  but  in  no  case  was  any  found. 

For  the  fatty  acids,  ten  grams  of  the  eggio  were  placed 
in  a  flask  of  about  350  cc.  capacity  and  150  cc.  of  ether 
poured  over  it.  The  flask  was  then  connected  with  aretlu.\ 
condenser  and  heated  on  a  water-bath  for  two  hours,  being 
shaken  every  now  and  then  to  break  up  the  white  albumin- 
ous mass  which  collected  in  the  bottom  of  the  flask.  The 
solution  in  the  flask  was  allowed  to  cool  and  50  cc.  of  tht* 
supernatant  liquid  removed  by  a  pipette,  replaced  by  50  cc. 
of  fresh  ether,  and  the  flask  again  heated  for  one  hour,  with 
frequent  shaking  as  before.  The  flask  was  then  allowed  to 
cool  and  the  clear  yellowish  liquid  drawn  off  and  added  to 
the  50  cc.  previously  withdrawn.  The  contents  in  the  flask 
were  twice  washed  with  ether  and  the  ethereal  laver  added 
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to  the  first.  This  ethereal  extract  was  placed  in  a  flask  and 
a  portion  of  the  ether  distilled  off.  The  solution  was  then 
placed  in  a  weighed  platinum  dish  and  the  remainder  of 
the  ether  driven  off  on  a  water-bath.  The  residue  in  the 
dish  was  dried  in  an  air-bath  at  105  "^  C,  to  expel  any  adher- 
ing water,  and  weighed. 

The  method  was  tried  on  a  sample  of  fresh  Qg'g  yolk  and 
yielded  20*00  per  cent,  fatty  acids,  while  in  Konig's  Nah- 
rungs-  iind  Genussmittel  the  percentage  of  fatty  acids  in 
pure  %%%  yolk  is  given  as  20*3.  I,  therefore,  concluded  that 
the  method  was  sufficiently  accurate  for  technical  purposes. 

As  a  result  of  the  analyses  of  five  samples  of  different 
lots  of  eggio  by  the  above  method,  I  obtained  the  following 
results: 

/.         //.  ///.       IV.  V. 

Per  Cent.        Per  Cent.  Per  Cent.        Per  Cent,         Per  Cent. 

55-64  156-81  (56-91  54-20  5375 

Water,  ...  [  5606  <  56-45  53-62 

I  5679 

Ash {;;:^^     -q-^s     {  ^.|^    .3-67     .6-35 

Fatty  acids,  I4'66  —  —  i6-oo  15  23 

In  order  to  compare  these  results  with  those  found  for 

pure  Q%%  yolk,  I  give  the  following  analyses,  the  first  from 

Konig's  Nahrimgs-  und  Genussmittel  and  the  second  obtained 

bv  the  writer  with  the  above  method. 

/.  //. 

Per  Cent.  Per  Cent. 

Water 5r8  53-72 

Salts I'o  — 

Fatty  acids 20*3  20-00 

By  comparing  these  values  with  those  above,  it  is  found 
that  commercial  eggio  contains  from  two  to  five  per  cent, 
more  water,  and  three  and  one-half  to  six  per  cent,  less  fatty 
acid,  than  are  found  in  pure  ^%<g  yolk.  The  salts  are  sodium 
salts  added  in  order  that  the  eggio  may  be  preserved  from 
putrefaction. 

As  soon  as  time  will  permit,  I  hope  to  be  able  to  com- 
municate the  exact  composition  of  the  ash  of  eggio,  which 
I  think  will  be  of  value  in  supplementing  the  above  partial 
analysis  of  this  product. 
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\Stated  meeting,  held  Tuesday,  February  2,  rSg2.'] 

Hall  of  the  Franklin  Institute. 
Philadelphia,  February  2,   189:. 

Prof.  Edwin  J.  Houston,  President,  in  the  chair. 

Present,  twenty  members  and  visitors. 

The  mmutes  of  the  previous  meeting  were  read  and  approved. 

The  Secretary  and  Treasurer  reported  the  issue  of  the  first  volume  of  the 
Section's  Proceedings,  and  the  cash  balance  on  hand  in  the  treasury. 

The  Committee  on  Admission  reported  one  election  to  membership  since 
last  meeting,  and  one  nomination  was  referred  to  them. 

Resignation  of  membership  from  Prof.  Henry  Crew  was  accepted  with 
regret. 

The  Chair  announced  the  receipt  of  the  first  number  of  a  new  and  prom- 
ising French  electrical  journal,  I'  Industrie  Eleetrii^ue,  edited  by  E. 
Hospitalier;  the  unavoidable  postponement  of  Mr.  Tcsla's  lecture  in  the 
Institute  course,  and  of  his  later  appearance  before  the  Section  ;  and  the 
time-limit  for  papers  read  before  the  .Section,  with  its  possible  extension. 

Mr.  Carl  Hcring  described  some  details  of  the  plant  for  power  transmis- 
sion at  Niagara,  some  features  of  the  Frankfort  Electrical  E.xhibition,  and 
Burton's  process  of  electric  forging,  illustrating  his  remarks  with  lantern 
pictures. 

Mr.  VVm.  S.  Aldrich  showed  the  results  of  some  experiments  ujiori  thr 
tractive  force  exerted  on  the  core  of  a  double-coil  solenoid. 

Prof.  Houston's  paper  on  "  Cerebro-Radiation  "  was  deferred  till  next 
meeting. 

Several  queries  from  the  n^cstion-Iiox  were  answered,  and  others  evoked 
considerable  interesting  discussion. 

The  meeting  then  adjourned.  L.  F.  Ronuinella,  Sicretary, 
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AN  EARLY  CONCEPTION  of  the  MAGNETIC  FIELD. 


By  Prof.  Edwin  J.  Houston. 


{^Read  at  the  stated  meeting  of  the  Electrical  Section,  January  j,  i8g2?[ 

It  may  interest  the  members  of  the  Electrical  Section  to 
know,  that  as  early  as  1668,  Robert  Boyle,  the  eminent 
physicist  and  chemist,  published,  concerning  the  magnetic 
field,  exceedingly  advanced  ideas  which  closely  resembled 
the  modern  ideas  of  magnetic  flux  and  lines  of  magnetic 
force. 

Boyle's  publication,  so  far  before  the  time  of  Faraday, 
shows  the  exceedingly  advanced  position  he  must  have 
occupied  at  that  early  date,  as  a  thinker  and  investigator  in 
physical  science. 

Boyle  was  an  indefatigable  worker,  and  a  voluminous 
writer,  both  in  the  domain  of  physics  and  chemistry,  as  well 
as  in  that  of  medicine.  He  taught  that  absolute  rest  had 
practically  no  existence  even  in  bodies  in  apparent  rest, 
since  there  existed  in  such  bodies  what  is  called  an  intestine 
motion  of  their  particles.  He  also  had  original  notions  of 
what  was  called,  in  his  time,  effluvia,  and  it  was  in  connec- 
tion with  these  so-called  effluvia  that  he  advanced  an 
explanation  concerning  the  magnetic  action  of  the  load- 
stone, which  bears  a  remarkably  close  resemblance  to  the 
modern  ideas  of  a  magnetic  field  and  lines  of  magnetic 
force. 

The  quotation  referred  to  is  from  the  second  of  two 
essays  "Concerning  the  Unsuccessfulness  of  Experiments  " 
published  in  1668.  In  these  essays  he  has  been  pointing 
out  the  necessity  for  care  in  conducting  scientific  experi- 
ments, and  urges,  that  the  failure  to  experimentally  repro- 
duce any  natural  phenomenon  should  not  necessarily  call 
in  question  the  accuracy  of  the  first  observer  of  such 
phenomenon,  until  all  the  sources  of  error  that  might  have 
led  to  obscuring  or  vitiating  it  had  been  eliminated.  In 
this  connection  he  cites,  in  a  quaint  manner,  some  of  the 
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numerous  experiments  that  he  had  been  led  to  try  on  the 
assertion  of  well-known  scientific  men,  but  in  which  he 
failed  to  obtain  the  results  alleged  to  have  been  observed. 
He  describes  in  this  connection  the  magnetization  produced 
by  touching  a  steel  knife-blade  to  the  armed  pole  of  a  load- 
stone, as  resulting  in  different  polarities  according  to  whether 
the  point  of  the  blade  is  drawn  towards  or  from  the  equator 
of  the  loadstone. 

I  will  quote  Mr.  Boyle's  remarks  in  full  in  this  connec. 
tion : 

*'  If  on  either  of  the  Extremes  or  Poles  of  a  good  armed 
Load-stone,  you  leisurely  enough,  or  divers  times,  draw  the 
back  of  a  Knife,  which  has  not  before  receivd  any  Magnetick 
inlluence,  you  may  observe,  that  if  the  point  of  the  blade 
have  in  this  affriction  been  drawn  from  the  middle  or  ^-Equa- 
tor of  the  Load-stone  towards  the  Pole  of  it,  it  will  attract  one 
of  the  Extremes  of  an  equilibrated  Magnetick  Needle ;  but 
if  you  take  another  Knife  that  has  not  yet  been  invigorated, 
and  upon  the  self-same  Extremity  or  Pole  of  the  Load-stone, 
thrust  the  back  of  the  Knife  from  the  Pole  towards  the  ^-Equa- 
tor or  middle  of  the  Load-stone,  you  shall  find,  that  the  point 
of  the  Knife  has,  by  this  bare  difference  of  Position  in  the 
blade  whilst  it  past  upon  the  Extreme  of  the  Load-stone, 
acquired  so  different  a  ^L1gnetick  property,  or  Polarity,  from 
that  which  was  given  to  the  former  Knife  by  the  same  Pole 
of  the  Load-stone,  that  it  will  not  attract,  but  rather  seem  to 
repel  or  drive  away  that  end  of  the  ^L'lgnetick  Xeedle  which 
was  drawn  by  the  point  of  the  other  Knife.  And  this  im- 
probable Experiment  not  only  have  we  made  trial  of,  by 
passing  slender  Irons  upon  the  Extremities  of  armed  Load- 
stones,  the  breadth  of  the  whose  Steel-caps  may  make  the 
Experiment  somewhat  less  strange,  but  we  have  likewise 
try'd  it  by  affrictionsof  such  Irons  upon  the  Pole  of  a  naked 
terella,  and  we  have  fcnmd  it  to  succeed  there  likewise. 
How  strange  soever  it  may  seem,  that  the  same  point  or 
part  of  the  Load-stone  should  imbue  Iron  with  contrary 
Properties,  barely  as  they  are,  during  their  passing  over  it, 
drawn  from  the  .-Equator  of  the  Load-stone,  or  thrust  towards 
it.  Hut  whether,  and  how  far  this  Observation  insinuates 
Vol.  CXXXIII.  u 
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the  operations  of  Load-stone  to  be  chiefly  performed  by 
streams  of  small  particles,  which  perpetually  issuing  out  of 
one  of  its  Poles,  do  wheel  about  and  re-enter  at  the  other ; 
We  shall  not  now  examine  (though  this  seem  one  of  the 
most  likely  Phaenomena  we  have  met  with,  to  hint  a  prob- 
able Magnetical  Hypothesis)  contenting  ourselves  to  have 
manifested  by  what  plainly  appears,  how  much  influence  a 
circumstance,  which  none  but  a  Magnetick  Philosopher 
would  take  notice  of,  may  have  on  an  Experiment." 

Mr.  Boyle  had  obtained  an  insight  into  the  actions  which 
occur  during  magnetization,  far  beyond  that  of  his  contem- 
poraries. This  fact  appears  to  be  clearly  indicated  by  the 
above  statement  as  to  what  he  believed  to  be  the  actual 
operation  of  the  lodestone ;  namely,  that  it  produced  mag- 
netization by  means  of  streams  of  small  particles  coming  out 
of  one  pole  and  re-entering  at  the  other  pole.  Change  the 
phraseology  but  a  trifle  and  leave  the  ideas  as  expressed, 
and  we  have  at  this  early  date  a  fair  idea  of  the  modern 
notion  of  magnetic  flux. 

Boyle's  notion  seems  to  have  been  that  when  other  bodies 
were  brought  into  this  magnetic  stream,  they  became 
endowed  with  magnetic  properties  by  the  particles  or  cor- 
puscles forming  the  stream,  passing  through  them,  just  as 
we  now  explain  magnetization  by  the  passage  through  a 
magnetizable  substance  of  the  lines  of  magnetic  force. 

In  a  later  paper,  published  in  1669,  on  "The  Absolute 
Rest  of  Bodies,"  he  asserts  that  the  particles  even  in 
exceedingly  dense  substances  that  are  apparently  at  rest, 
are,  in  reality,  in  rapid  motion.  He  urges  that  although 
such  motions  cannot  be  seen,  yet  they  must  exist,  and  cites 
as  a  proof  of  such  assertion,  the  following  experiment, 
which  I  will  give  in  Mr.  Boyle's  language : 

"I  briefly  answer  (for  I  would  not  here  repeat  what  I 
have  elsewhere  said  on  this  point)  by  this  clear  Experiment, 
that  though  your  Eye  can  discern  no  change  in  the  out- 
ward and  visible,  much  less  in  the  more  latent  and  internal 
Corpuscles  of  Iron :  a  vigorous  Load-stone  by  passing  along 
its  Axis  from  one  Pole  of  the  vStone  to  the  other,  and  back 
again,  yet  the  Texture  of  the  Iron  is  by  that   action  of  the 
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Load-stone  so  changed,  that  it  acquires,  and  then  loses 
those  admirable  Qualities  we  call  the  Attractive  and  Direc- 
tive virtue  or  faculty  peculiar  to  Magnetick  Bodies." 

And  further  on,  in  the  same  paper,  in  speaking  of  the 
well-known  fact  that  a  mass  of  steel  when  allowed  to  stand 
in  an  upright  position  for  some  time  on  the  enrth,  is 
endowed  with  magnetic  properties,  he  ascribes  these  prop- 
erties to  the  action  which  the  streams  of  corpuscles  exert 
on  it. 

"To  this  purpose  I  shall  onlyobser\^e  to  you,  that  though 
a  Bar  of  Iron  having  one  of  its  ends  held  perpendicularly, 
and  at  a  fit  distance  to  the  Lilly  or  Northern  point  of  the 
Mariner's  Compass  (I  mean  that  which  points  towards  the 
North),  it  will,  as  I  elsewhere  mention,  drive  it  away  towards 
the  East  or  West :  and  if  this  same  lower  end  of  the  Bar  of 
Iron  be  put  into  a  contrary  posture,  it  will  presently  lose  its 
temporary  magnetism,  as  I  elsewhere  declare.  Yet  if  this  Bar 
be  very  long  kept  upright  in  a  Window  or  other  convenient 
place,  then,  as  some  late  Magnetickal  Writers  will  tell  you.  it 
will  have  acquired  a  constant  and  durable  Magnetick  power. 
Which  is  a  phenomenon  which  makes  exceedingly  for  our 
present  purpose,  since  it  hence  appears  both  that  the  Air 
together  with  the  magnetical  effluvia  of  the  Earth  that  it 
receives  in  its  Pores,  is  able  without  outward  force  to  work 
durable  changes  in  so  solid  a  Body  as  Iron,  and  that  the 
motions  of  the  internal  Parts,  for  these  are  requisite  to  change 
the  Metal's  Texture,  are  performed  with  a  wonderful  slowness,. 
since  the  Bar  must  be  very  long  exposed  to  the  air,  perhaps 
before  it  acquires  any  durable  magnetism  at  all,  but  at  least 
before  it  acquires  so  vigorous  and  fixt  a  magnetism  as  by 
this  means  it  may  attain  to." 

In  another  paper  on  "  The  Nature,  Properties  and  ICllects 
of  Effluvia,"  reproduced  by  Shaw  at  a  later  date,  in  vol.  i, 
p.  41 1,  of  the  Philosophical  Works  of  the  Honourable  Robert 
Boyle,  Esq  ,  1725,  I^oyle  writes  as  follows  : 

**  To  clear  this  matter,  I  caused  some  needles  to  be  her- 
metically sealed  up  in  glass  pipes,  which  being  laid  on  the 
surface  of  the  water,  whereon  they  wou'd  lightly  float,  the 
encluded  needles  did    not   onlv   readilv  answer   to  the  load- 


212  Electrical   Section.  [J.  F.  I., 

stone  externally  applied,  tho'  a  weak  one,  but  comply'd 
with  it  so  well  that  I  cou'd  easily  lead,  without  touching  it, 
the  whole  pipe  to  what  part  of  the  surface  of  the  water  I 
pleased.  I  also  found  that  by  applying  a  better  load-stone 
to  the  upper  part  of  the  seal'd  pipe,  with  a  needle  in  it,  1 
cou'd  make  the  needle  leap  up  from  the  lower  part,  as  near  to 
the  load-stone  as  the  interposed  glass  wou'd  give  it  leave. 
But  I  thought  it  more  considerable  to  manifest,  that  the 
magnetical  effluvia,  even  of  such  a  dull  body  as  the  globe 
of  the  earth,  wou'd  also  penetrate  glass.  And  this  I 
attempted  after  the  following  manner.  I  took  a  cylindrical 
piece  of  iron,  about  the  bigness  of  one's  little  finger,  and 
between  half  a  foot  and  a  foot  long ;  having  formerly  found 
that  the  quantity  of  unexcited  iron  forwards  its  operation 
upon  excited  needles ;  and  having  hermetically  seal'd  it  up 
in  a  glass  pipe,  but  very  little  longer  than  it,  I  suppos'd 
that  if  I  held  it  in  a  perpendicular  posture,  the  magnetical 
effluvia  of  the  earth,  penetrating  the  glass,  wou'd  make  the 
lower  extreme  of  the  iron  answerable  to  the  North  Pole ; 
and,  therefore,  having  applied  this  to  that  point  of  the 
needle,  in  a  dial  or  sea-compass,  which  looked  towards  the 
North,  I  presum'd  it  would  drive  it  away,  which  accord- 
ingly it  did.  And  having,  for  further  trial,  inverted  the 
included  iron,  and  held  it  in  a  perpendicular  posture,  just 
under  the  same  point,  that  extreme  of  the  iron  rod,  which 
before  had  driven  away  this  point,  being,  by  inversion, 
become  a  South  Pole,  attracted  it;  from  which  sudden 
change  of  the  poles,  merely  upon  the  change  of  the  situa- 
tion, it  also  appeared  that  the  iron  owed  its  virtue  only  to 
the  magnetism  of  the  earth  ;  not  that  of  another  load-stone 
which  wou'd  not  have  been  thus  easily  alterable." 

I  need  not  call  your  attention  to  the  marked  similarity 
between  the  manner  in  which  Boyle  conceives  magnetic 
induction  to  take  place,  and  our  modern  notions  concerning 
the  same  phenomenon.  His  streams  of  magnetic  effluvia 
correspond  exactly  in  direction  and  action  to  our  present 
conceptions  of  magnetic  flux  and  lines  of  magnetic  force. 

Coming  now  to  the  time  of  Faraday,  we  find  in  a  paper, 
published    by    Faraday  in'   the    Philosophical    Transactions^ 
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in  1852,  the  followingr :  "  From  my  earliest  experiments  on 
the  relation  of  electricity  and  magnetism,  I  have  had  to 
think  and  speak  of  lines  of  magnetic  force  as  representa- 
tions of  the  magnetic  power,  not  merely  in  the  points  of 
quality  and  direction,  but  also  in  quantity."     -x-     ^     * 

"A  line  of  magnetic  force  may  be  defined  as  that  line 
which  is  described  by  a  very  small  magnetic  needle,  when 
when  it  is  so  moved  in  either  direction  correspondent  to  its 
length,  that  the  needle  is  constantly  a  tangent  to  the  line  of 
motion."     *     *     -^^ 

"  These  lines  have  not  merely  a  determinate  direction 
recognizable  as  above,  but  because  they  are  related  to  a 
polar  or  antithetical  power,  have  opposite  quantities  or 
conditions  in  opposite  directions.  These  qualities,  which 
have  to  be  distinguished  and  identified,  are  made  manifest 
to  us,  either  by  the  position  of  the  ends  of  the  magnetic 
needle,  or  by  the  direction  of  the  cuiTent  induced  in  the 
moving  wire." 

As  to  the  direction  of  the  lines  of  magnetic  force,  Fara- 
day, as  is  well  known,  regarded  them  as  coming  out  of  one 
pole  of  the  magnet  and  passing  in  at  the  other  pole,  and 
referred  to  this  in  a  paper  printed  in  the  Proceediujrs  of  the 
Royal  Iiistitutiou,  on  the  23d  of  January,  1853,  as  follows: 

"The  lines  of  force  already  described  will,  if  observed  by 
iron  filings  or  a  magnetic  needle  or  otherwise,  be  found  to 
start  off  from  one  end  of  a  bar-magnet,  and  after  describing 
curves  of  different  magnitudes  through  the  surrounding 
space,  to  return  to  and  set  on  the  other  end  of  the  magnet." 

There  is,  of  course,  a  danger  in  quoting  from  an  early 
writer,  of  reading  into  the  quotation  a  significance  that 
it  could  not  have  had,  save  by  the  light  of  subsequent 
researches.  It  is  far  from  my  purpose,  or  desire,  to  belittle 
the  researches  of  Faraday.  I  merely  desire  to  show  by  a 
comparison  of  the  writings  of  these  two  philosophers,  the 
remarkable  advance  that  Boyle  had  made  as  to  the  manner 
in  which  a  magnet  acts. 

In  the  above  quotation  from  Boyle  it  must  be  remembered 
that  Boyle  referred  to  certain  efiluvia  which  he  believed 
were  given  off  by  the  magnet.     His  conception,  however. 
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of  these  particles  coming  out  at  one  pole  and  reentering 
the  other,  and  his  mentally  endowing  streams  of  such 
particles  with  polarity,  or  the  possession  of  opposite  proper- 
ties in  opposite  directions,  was  certainly  a  remarkable 
advance  for  his  times  and  shows  how  far  he  was  beyond  his 
contemporaries. 

It  is  possible  that  other  writers  before  the  time  of  Boyle, 
or  between  his  time  and  that  of  Faraday,  may  have  expressed 
somewhat  similar  ideas.  I  merely  call  your  attention  to  the 
quotations  from  Boyle  as  showing  the  remarkable  grasp  of 
magnetic  phenomena  possessed  by  this  early  philosopher. 


NOTES  ON  ELECTRO-MAGNETIC   MACHINERY. 

[SECOND  PAPER.] 


By   Wm.   S.  Aldrich,    M.E., 
Associate  in  Mechanical  Engineering,  Johns  Hopkins  University. 


\_Read  at  the  meeting  of  the  Electrical  Section  held  January  ^,  i8g27\ 

Electro-magnetic  Reciprocating  Mechanisms  form  a  class 
rapidly  developing  in  application  to  work  requiring  con- 
trolled reciprocation  with  definite  variations  of  the  energy 
of  the  stroke.  These  two  questions — the  kinematics  and  the 
dynamics  of  this  mechanism — have  been  met  in  what  may  be 
styled  the  multiple-coil  solenoid.  It  will  be  of  interest  to  lead 
up  to  the  form  developed  in  the  Van  Depoele  machine — 
from  the  electro-magnetic  point  of  view.  The  several  steps 
do  not  always  (in  some  cases  very  rarely)  coincide  with  the 
evolution  of  the  idea  from  its  earliest  inception  in  the 
mind  of  the  inventor.  But,  examining  how  a  given  electro- 
magnetic mechanism  could  have  been  evolved — finding 
how  it  came  to  be  as  it  is-r-may  be  of  service  in  the 
development  of  new  forms — quite  different  in  principle  and 
application,  yet  worked  out  in  more  or  less  accord  with  the 
laws  of  kinematic  synthesis ;  that  is,  the  development  of  a 
machine  for  definite  work  and  certain  required  motions. 
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Miiltiple-coil  Solenoid  Mechanisms  require  to  be  energized 
by  currents  of  variable  potential,  producing  variable  and 
shifting  magnetic  fields  of  force,  which  maybe  caused  to  act 
in  conjunction  with  or  in  opposition  to  each  other.  These 
potential  variations  in  the  respective  coils  may  be  produced 
and  controlled  by  adjustable  external  resistances,  or  by  one 
or  more  rotating  brushes  around  the  commutator  of  a 
dynamo.^  In  either  case,  variable  undulating  (pulsating), 
or  alternating  currents,  may  be  produced  from  a  source  of 
constant  potential.  The  loss  of  energy  in  adjustable  resist- 
ance being  very  objectionable,  the  rotating-brush  mechan- 
ism is  used — fulfilling  the  fundamental  purpose.  This  is  to 
convert  the  electrical  energy  of  a  continuous-current 
machine,  rotating  at  its  most  efficient  speed,  into  undulating 
currents  having  any  desired  rapidity  of  succession,  corre- 
sponding to  the  number  of  reciprocations  of  the  plunger  core 
working  as  a  piston  within  the  solenoid.  The  kinematic 
question  is  therefore  met  by  fulfilling  the  conditions  of 
comparative  motion  in  mechanism — (Willis)  the  directional 
relation  between  the  rotating  brush  and  the  reciprocating 
plunger,  and  their  velocity  ratio  of  movement.  And  it 
satisfies  another  condition,  stated  by  Reuleaux,  in  that  the 
relative  motion  between  the  two  elements  is  under  con- 
strainment,  even  if  this  is  brought  about  by  electro-magnetic 
stresses  in  the  ether  medium,  rather  than  by  the  molecular 
stresses  of  rigid  connecting  links  of  a  kinematic  chain. 
The  mechanics  of  this  mechanism — the  statics  and  dynamics 
of  its  own  peculiar  medium  for  the  transmission  of  energv, 
show  that  the  electro-magnetic  forces  of  Nature  can  be  com- 
pelled to  do  work.  And  the  ether  medium,  with  its  induced 
electro-magnetic  stresses,  being  as  much  a  resistant  body  as 
more  material  mediums  with  their  molecular  resistance  to 
change  of  form  or  of  volume,  constitute  this  combination  an 
electro-magnetic  machine,  from  an  adaptation  of  the  defi- 
nition of  Reuleaux,  given  in  the  former  paper.  The  tubes 
of  force  of   the  magnetic  field  may  change  their  form    to   a 


•  As   in   the  Van   Depocle  Pulsating   Electric  Generator,  Tnitcd  States 
Patent,  No.  422,85$,  March  4,  189?. 
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ver\'  great  degree,  but  they  remain  unaltered  in  vohune  ;  and, 
it  is  the  resistance  of  the  tubes  of  force  to  any  change  of 
volume,  which  answers  as  well  for  the  performance  of  work 
or  the  transmission  of  energy  or  motion,  as  the  resistance 
of  a  bar  of  rigid  material  to  any  alteration  of  its  length  or 
general  form."^  Also,  examined  in  the  light  of  Sylvanus  P. 
Thompson's  treatment  of  electro-magnetic  mechanisms,  f 
the  one  under  consideration  possesses  the  characteristic  fea- 
ture that  it  is  a  combination  in  which  power  is  transmitted 
electrically  along  a  wire,  and  made  to  produce,  through  its 
electro-magnetic  combinations,  certain  mechanical  motions. 
TJie  Single  coil  Pulsating-current  Solenoid  is  shown  in  Fig.  i, 
diagrammatically,  in  combination  with  the  rotating  brush  M 
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Fig.  I.  Fig.  2. 

Single-coil  pulsating-current  solenoid  mechanism,  with  ideal  integrated  curve 

of  potentials. 

and  one  terminal  of  the  stationary  brushes  N,  of  the 
dynamo.  What  vSylvanus  P.  Thompson  has  called  the 
integrated  curve  of  potentials,  being  the  total  or  integrated 
potential  taken  at  each  bar  all  round  the  commutator  (by 
the  indicated  voltmeter  connection)  has  been  plotted  in  its 
simple  idealiorm,  around  the  commutator  in  Fig.  i,  and  as 
referred  to  rectangular  coordinates  in  Fig.  2. 

It  is  the  line-integral  of  the  ideal  (sine)  curve  of  induc- 
tion ;  and,  any  ordinate  represents  the  total  induction  from 


♦  Compare  Rankine,  Machinery  and  Miilwork,  chap,  iv,  sec.  viii, 
art.  207.  Thurston,  Introduction  to  Kinematics  of  Machinery,  Van  Nos- 
trand's  Science  Series.  No.  54,  p.  xi.  Kennedy,  Mechanics  of  Machinery, 
chap,  i,  sec.  i. 

t  The  Electrical  World ,  1891,  January  17th  ;  also,  in  his  work  on  The 
Electro-magnet. 
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the  fixed  brush  N  up  to  that  point  of  the  rotating  brush  J/. 
With  the  rotation  of.  the  brush  J/,  there  is  produced  a  varia- 
tion of  potential  through  the  solenoid  coil,  a  corresponding 
undulation  of  current  strength  and  so  a  variation  of  ampere 
turns  and  a  rise  and  fall  of  the  intensity  of  magnetization 
of  the  solenoid  core.  This  causes  the  plunger  to  be  drawn 
into  its  coil  with  variable  energy,  according  to  the  laws  of 
the  magnetic  circuit,  by  which  it  continually  so  tends  to 
place  itself  that  it  shall  be  in  the  field  of  maximum  induc- 
tion at  any  one  time.  The  action  is  only  in  one  direction — 
after  reaching  the  maximum,  at  180°,  the  plunger  gradually 
falls  out  of  the  coil  by  its  own  weight,  or  is  retracted  by  a 
spring  to  its  original  position.  If  the  rotating  brush  is 
held  at  any  position  around  the   commutator,  the   plunger 
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Fig.  3.  Fig.  4. 

The   single-coil   electro-magnetic   mechanism,  with   real    integrated   curve 

of  potentials. 

will  remain  in  its  corresponding  position  for  that  point ; 
being  in  more  or  less  stable  equilibrium  between  the  elec- 
tro-magnetic stresses  of  the  ether  medium,  and  the  force  of 
gravity  or  of  a  retracting  spring.  It  would  be  possible  to 
give  a  slight  oscillation  to  the  plunger  in  this  position,  as  it 
is  under  the  action  of  the  contractile  energy  of  the  tubes  of 
force,  which  is  a  property  that  the  current  has  conferred  on 
the  ether  medium  surrounding  the  coils ;  by  this  its  tubes 
of  force  develop  a  marked  tendency  to  shorten  in  the 
direction  of  their  length,  and  spread  out  in  directions  at 
right  angles  to  their  length.  The  integrated  curve  of 
potentials  represents  an  entirelv  ideal  condition  of  the  cycle 
of  operations  ;  and  does  not  indicate  that  the  intensity  of 
magnetization  will  proportionally  vary  in  more  than  a  quite 
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general  way.  The  several  resistances  in  the  path  of  the 
magnetic  circuit — 'that  of  the  air  gap  and  of  the  iron  por- 
tion— as  well  as  the  counter-electromotive  force  dependent 
on  the  speed  of  reciprocation,  and  the  movement  of  the 
plunger  into  and  out  of  the  field  of  force,  will  continually 
vary  the  resultant  effect  of  the  variable  field  of  force.  It 
becomes  then,  rather  difficult  to  plot  exactly  the  real  flow  of 
magnetic  stress  along  the  corresponding  positions  of  the 
plunger.  It  belongs  to  the  class  of  intermittent  mechanisms ; 
and,  like  single-stroke  devices,  requires  reactive  forces  to 
restore  it  to  its  original  position.  From  the  point  of  view  of 
electro-magnetic  kinematics,  it  is  a  simple  one-circuit  (mag- 
netic) mechanism,  of  constant  direction  (polarity)  and  varia 
ble  intensity  (of  magnetization  or  of  induction). 
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Fig.  5.  Fig.  6. 

Two-coil  pulsating-current  solenoid  mechanism. 

Figs.  J  and  ^  show  the  real  curves  of  the  distribution  of 
potential,  taken  with  voltmeter,  as  indicated,  and  with  no 
other  external  circuit,  from  a  small  separately-excited 
motor,  run  as  a  dynamo,  with  constant  field. 

The  Two-coil  Pulsating-current  Solenoid  has  its  outer 
terminals  connected  to  the  fixed  brushes,  P  and  N,  as 
in  Fig.  5,  and  the  inner  join  of  the  same  coils  to  the 
rotating  brush  M.  The  resultant  action  of  the  two  fields 
of  force  of  the  coils,  may  be  quite  different :  {a)  accord- 
ing to  whether  the  two  coils  are  connected  up  to  operate 
in  conjunction  with  each  other,  as  two  parts  of  one 
coil,  called  a  differential  coil-and-plunger  mechanism,  by 
Sylvanus  P.  Thompson ;  or  {b),  when  the  two  coils  are  con- 
nected up  in  opposition  to  each  other,  producing  variable 
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electro-magnetic  stresses  working  against  each  other.  In 
the  former  case  the  mutual  actions  of  the  two  solenoid 
coils  are  reciprocal,  the  energizing  effect  of  one  of  the  coils 
increasing  from  zero  to  a  maximum,  while  the  other 
decreases  from  a  maximum  to  zero,  as  the  rotating  brush  is 
moved  around  the  commutator  a  half  turn,  indicated  in  a 
general  way  by  the  ideal  curves  of  integrated  potential,  the 
upper  curves  of  Fig.  6.  This  ideal  cycle  of  operations 
being  completed  shows  two  nodal  points — positions  of 
electro-magnetic  equilibrium — when  the  plunger  is  under 
the  action  of  balanced  electro-magnetic  stresses.  This 
equilibrium  is  more  or  less  stable,  depending  upon  whether 
the  two  coils  work  with  or  against  each  other.  The  lower 
curves,  Fig.  6,  represent  what  may  be  termed  the  effective 
electro-motive  force,  being  found  by  taking  the  differences  of 
corresponding  ordinates  of  the  upper  curves.  The  portions 
between  the  nodal  points  are  really  of  opposite  sign,  repre- 
senting a  reversal  of  the  resultant  effect  of  the  variable 
magnetic  fields.  The  plunger,  on  passing  the  nodal  point, 
as  a  position  of  zero  pull,  goes  more  completely  into  the 
range  of  action  of  the  increasing  magnetic  field  and 
out  of  the  decreasing  field  of  the  other  coil.  The  combi- 
nation of  the  two  coils  acting  in  conjunction,  results  in  an 
almost  constant  magnetization  of  the  plunger,  so  that  it 
has  generally  a  steady  pull  and  a  regular  movement,  in 
which  it  follows  the  movement  of  the  field  of  maximum 
induction  of  the  solenoid  coils,  determined  by  the  rotating 
brush  J/.  It  is  a  double-acting  mechanism,  giving  two 
controlled  reciprocations  of  the  plunger  for  one  rotation  of 
the  brush  /]/.  For  producing  hammer  blows,  regulating 
switches  may  be  used  to  vary  the  intensity  of  the  magnetic 
field,  according  to  the  location  and  character  of  the  work. 
The  electro-magnetic  conversion  of  continuous  circular  into 
reciprocating  rectilinear  motion  may  be  accomplished  with 
equal  facility  and  regularity,  for  almost  any  intervening 
distance,  an  advantage  not  possessed  by  its  somewhat 
analogous  mechanical  (kinematical)  equivalents  of  finite 
connecting  rod,  nor  of  the  so-called  infinite  connecting  rod. 
Multiple-coil  Pulsatiug-currcHt  Solettoids  admit  of  varying 
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the  power  stroke,  as  in  hammer-blows,  to  meet  requirements 
of  the  work,  while  there  is  a  very  light  return  stroke  to 
prevent  excessive  wear  and  tear  of  the  machine.  By- 
winding-  the  solenoid  coils  in  three  or  more  sections,  of 
equal  resistances,  longitudinally  disposed,  and  connecting 
the  two  or  more  forward  sections  in  parallel  with  the  supply 
wires  and  the  back  section  singly — the  current  through  this 
section  will  be  correspondingly  less  than  that  through  the 
other  section  with  joint  resistance  in  parallel.*  This 
arrangement  will  therefore  throw  the  preponderance  of 
power  in  the  forward  stroke. 


(9"  X    *S 
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Fig.  7.  Fig.  8. 

Three-coil  pulsating-  and  alternating-current  solenoid. 

The  Three-coil  Pulsating-  and  alternating-current  Solenoid, 
with  two  rotating  brushes,  is  shown  in  Fig.  7.  Another 
but  similar  diagram, f  was  explained  at  the  close  of  the 
former  paper.  At  the  same  time  that  there  is  a  controlled 
reciprocation,  the  combination  of  the  pulsating  current 
through  the  fine-wire  coil  //,  with  the  alternating  current 
through    the   coarse-wire  coils   /  and  ///    gives    a   heavy 

♦Van  Depoele's  method,  set  forth  in   United  States  Patent,  No.  422,855, 
.March    4,  1890. 

t  Fronn  The  Electrician  (London).  Vol.  xxviii,  Nov.  6,  1891,  p.   10. 
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power  stroke  in  the  forward  direction  and  a  light  return 
stroke.  Fig.  S  shows  this  in  the  form  of  the  potential 
cycle,  the  light-line  cur\^e  //  being  the  ideal  curve  of  the 
integrated  potential  for  the  pulsating  current  of  coil  //,  and 
the  heavy-line  curve  / — ///,  that,  for  the  alternating-current 
coils  / — ///.  The  lower  curve  represents,  as  in  Fig.  6,  the 
differences  of  the  corresponding  ordinates  of  the  upper 
curve.  There  are  several  pecularities  of  these  curves  ;  and, 
though  entirely  ideal,  may  serve  to  aid  us  in  forming  some 
notion  of  the  real  distribution  of  electrical  energy  in  the 
solenoid  coils.  The  nodal  points  are  both  on  the  return- 
stroke  end  of  the  plunger-cylinder,  encasing  the  mechanism. 
The  long  ordinate  at  the  centre  shows. a  very  heavy  power- 
stroke  forward,  while  the  short  ordinates  at  the  ends  show 
light  return  strokes,  w^ith  more  or  less  of  a  cushioning 
effect.  The  action  of  the  energizing  polarizing  coil  //,  shows 
how  its  pulsating  current — in  the  one  case  causes  a  very 
rapid  increase  of  the  resulting  maximum  induction,  and  in 
the  other,  at  the  end  of  the  stroke,  having  no  effect,  as  it 
simply  rises  and  falls  between  zero  and  a  maximum.  The 
alternating  current  passes  from  maximum  to  maximum  in 
opposite  directions,  and  cuts  the  pulsating  curve  nearer  the 
weak  end  of  each  case.  The  iron  core,  under  the  chief 
energizing  coil  //is  not  electro-magnetically  equivalent  to 
a  permanent  magnet  core,  for  it  is  now  variably  energized 
in  one  direction,  at  about  the  proper  points.  Hut,  in  the 
latter  case,  its  constant  magnetic  field  would  seriously 
interfere  with  this  very  arrangement  of  the  two  kinds  of 
currents  to  produce  maximum  forward  stroke.  By  revers- 
ing the  connections  of  coil  //,  the  other  stroke  will  be  a 
maximum.  More  than  three  coils  may  be  used,  and  the 
respective  positions  of  the  pulsating  and  of  the  alternating- 
current  coils  maybe  reversed,  or  otherwise  arranged  to  suit 
the  requirements  of  the  work. 

Derived  Mechanisms  from  MultipU-coil  Solenoids  admit  of 
many  industrial  applications.  For  instance,  it  gives  at  once 
a  kind  of  electro-magnetic  dash-pot,  buffer,  cushion,  brake  or 
clutch  for  reciprocating  movements.  And  this  possesses 
capabilities  of  adjustment   not   usually  found    in  rigid  or 
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even  flectional-element  mechanisms,  of  changing-  quickly 
and  surely  the  intensity  of  the  tractive  force  as  well  as  the 
position  of  its  static  equilibrium.  Periodically  varying  the 
speed  of  rotation  of  the  brush  M  will  result  in  correspond- 
ing variations  in  the  rate  of  reciprocation,  with  or  without 
changing  length  of  stroke.  The  length  of  stroke  may  be 
changed  by  auxiliary  and  solenoid  coils.  On  the  other 
hand,  the  speed  relations  may  be  maintained  constant,  and 
the  power  stroke  varied  at  will,  or  both  may  be  varied  to 
any  desirable  extent.  Another  modification,  which  would 
produce  multiple  nodal  points,  would  give  multiple-reci- 
procation mechanism  (redtiplication.oi  Willis),  obtaining  four, 
eight,  or  more  reciprocations  for  one  rotation.  For  the  stress 
nodal  points  indicate  the  electro-magnetic  dead  centres,  of 
which  there  must  be  as  many  as  the  number  of  reciproca- 
tions desired.  So  with  electro-magnetic  cams — the  stroke  of 
the  plunger  may  be  made  to  follow  any  given  law  of  cam 
curves  or  spirals,  as  the  Archimedian  or  logarithmic,  by 
simply  controlling  the  rotating  brush  M,  according  to  the 
same  law.  And  the  stop,  dead  and  change  points  of  ordi- 
nary cam  plates  may  be  controlled  with  equal  facility  by 
this  electro-magnetic  combination.  Electro-magnetic  ratchet 
mechanisms,  where  there  is  no  special  return  or  reversal  of 
motion,  may  be  equally  developed  from  the  solenoid  mechan- 
ism, chiefly  of  the  multiple-coil  types,  with  the  coils  con- 
nected up  in  series,  as  in  the  port-electric  and  other  electro- 
magnetic package-carrying  devices. 

The  Cycle  of  Operations  of  Electro-magnetic  Machinery  pos- 
sesses features  characteristic  of  the  ether  medium  employed. 
The  fundamental  cycle  is  necessarily  that  of  the  physical 
condition  of  the  medium  at  each  point ;  following  this  are 
the  energy  cycles  of  the  medium  and  throughout  the 
mechanism,  and  the  kinematic  cycle  of  the  mechanism  of 
transmission.  Or,  perhaps  more  generally,  the  transforma- 
tion or  conversion  cycles  of  the  medium  would  be  consid- 
ered first,  then  the  transmission  cycles  of  the  intermediate 
mechanism  and  machinery,  through  which  the  transforma- 
tion cycles  indicate  the  performance  of  useful  work  by  the 
.so-called   mechanical  forces  of  nature.     Each  of  these  ele- 
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ments  of  the  complete  cycle — the  ether  medium  and  the 
mechanism  of  transmission — may  again  be  considered, 
especially  with  reference  to  the  mechanics  of  the  elements 
involved ;  that  is,  the  mechanics  of  the  electro-magnetic 
stresses  of  the  ether  medium  as  of  a  resistant  body,*  and 
the  mechanics  of  the  molecular  stresses  of  the  material 
elements  of  the  electro-magnetic  machinery.  In  considering 
in  a  somewhat  analogous  way,  the  mechanics  of  the  medium 
and  the  mechanism  of  the  steam  engine,  Prof.  R.  H.Thurs- 
tonf  has  extended  the  point  of  view  along  the  lines  of 
Rankine,  and  thus  groups  under  the  heading  oi  Mechanics  : 
(i)  Statics,  treating  of  the  relations  of  forces  in  any  sys- 
tem or  medium,  when  no  motion  results  from  their  action. 

(2)  Kinematics,  treating  of  the  relations  of  motion  simply. 

(3)  Dynamics,  or  kinetics,  treating  of  the  action  of  forces 
accompanied  by  motion. 

(4)  Energetics,  treating  of  the  transfer,  transformation, 
transmission  or  modification  of  energy,  under  the  action  of 
forces,  from  one  mode  of  manifestation  to  another,  and  from 
one  body  to  another. 

Examining,  for  a  moment,  the  application  of  the  above 
to  electro-magnetism,  with  ether  as  the  medium,  it  will  be 
found  that  the  lines  have  already  been  mathematically  laid 
out  by  Maxwell  in  the  direction  of  electro-statics,  electro- 
kinematics  and  electro-dynamics,  resting  somewhat  ante- 
riorly upon  Faraday's  researches  and  posteriorly  upon  Hertz's 
experiments.  We  have  noted  the  statical  action  of  the 
electro-magnetic  stresses,  when  under  more  or  less  stabil- 
ity of  equilibrium,  as  in  the  solenoid  mechanisms ;  the 
kinematic  conception  of  the  ether  mechanism,  as  stated  in 
the  former  paper,  has  served  fairly  as  a  working  hypothesis, 
in  lieu  of  a  better;  while  the  dynamical  conception  has 
shown  the  ether  to  be  a  suitable  medium  for  the  transfer  or 
transmission  of  energy  accompanied  by  definite  motions. 
In  order  to  investigate  the  complete  cycle  of  operations  of 


*  Resistant  in  the  sense  of  acting   as  a  body   constantly  maintaining  its 
volume  while  undergoing  any  kind  of  alteration  of  its  volume-form. 
\  Manuiii  of  tht-  Sttiim-gni;inf,   I'arl  I,  pp.   298  and  304. 
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an  electro-magnetic  mechanism,  the  whole  of  its  mechanics 
should  be  developed — for  the  ether  medium  and  for  the 
machine  elements.  This,  therefore,  involves  the  energetics 
of  the  medium,  giving  the  etheric  energy  cycle  (electro- 
d^^lamic),  as  we  have  for  the  steam  engine  the  thermo- 
dynamic cycle.  And,  the  energetics  of  the  ether  medium 
may  come  to  be  studied  by  autographic  records  of  its 
energy-  cycle,  bearing  the  same  relation  to  the  electro- 
magnetic mechanism  that  the  indicator  card  does  to  the 
distribution  of  energy  in  the  ^^team-engine  mechanism. 

Differential  Electro-magnetic  Mechanisms  may  consist:  (i) 
of  variable-speed  or  power  (or  both)  combinations  effecting 
their  purpose  by  electro-magnetic  action,  not  necessarily 
of  itself  differential ;  (2)  of  variable-action  mechanisms 
having  a  differential  effect  brought  about  in  the  electro- 
magnetic stresses  themselves.  In  the  former  case,  the 
mechanism  is  inherently  differential,  whether  controlled, 
operated  or  actuated  electro-magnetically  or  pneumatically 
for  instance ;  such  would  be  a  differential  screw,  pulley  or 
other  mecJianically  differential  mechanism.  In  the  second 
case,  we  have  the  two-coil  solenoid ;  the  solenoidal  electro- 
magnetic balance,  and  the  dynamotor  balance  shown  later, 
the  differential  action  being  due  to  a  preponderance  of  a 
simple  or  of  a  resultant  magnetic  field  over  a  surrounding 
field  or  fields. 

Epic yc lie  Gear-ivheel  Mechanisms  are  differential  in  char- 
acter, as  may  be  seen  by  referring  to  Fig.  9.  The  motor 
armature  M^  and  gear-wheel  A  are  secured  to  a  sleeve,loosely 
turning  on  shaft  Z^/*,  and  the  motor  armature  M^  and  wheel 
B,  similarly  placed  on  shaft  S  S.  Three  principal  combina- 
tions of  these  three  elements  of  a  simple  kinematic  chain 
are  possible,  (i)  If  the  arms  X  X,  connecting  the  shafts, 
are  fixed— one  machine  will  drive  the  other  as  a  dynamo — 
the  fields  being  supposed  secured  to  the  arms  XX.  (2)  if 
shaft  P  P  is  held  in  fixed  bearings,  field  of  M^  stationary, 
and  both  motors  set  in  operation,  the  arms  X  X  will  carry 
combination  around  the  shaft /^P,  when  the  motors  revolve 
at  different  speeds.  The  arms  A^^  will  turn  around  in  a 
direction  dependent  upon  the  direction  of  rotation  of  the 
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motors,  and  at  a  speed  proportional  to  the  speed  of  the 
motors  and  the  number  of  teeth  on  the  wheels.  When  the 
wheels  have  the  same  number  of  teeth  :  id)  and  the  motors 
revolve  at  the  same  speed  in  the  opposite  direction,  there 
will  be  no  rotation  of  the  arms ;  (b)  motors  revolve  at  different 
speeds,  the  arms  will  turn  at  a  speed  of  half  the  difference 
of  the  motor  speeds,  and  in  the  direction  of  the  greater  one. 
(3)  If  shaft  5  S  is  fixed,  instead  of  P  P,  field  of  J/,  station- 
ary, similar  combinations  will  produce  similar  results  in 
effecting-  the  rotation  of  the  arms.  Several  minor  combina- 
tions are  possible  in  each  case,  but  the  above  serve  to  show 
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Epicyclic  spur-wheel  mechanisms,  driven  by  electric  motors. 

the    differential  nature  of  this  form  of  a  simple  epicyclic 
gear-wheel  train. 

In  I'li^.  10  motion  is  communicated  to  the  wheel  />  through 
the  wheel  Con  same  sleeve  as  />,  and  geared  to  D  on  same 
sleeve  as  motor  armature  J/,,  loosely  mounted  now,  on 
shaft  P  P.  This  is  permanently  mounted  in  bearings,  and 
has  no  rotation,  when  the  gear  wheels  .-/  />^  and  />  Care  of 
same  size,  and  the  motors  J/,  and  J/,  revolve  at  same  speed 
in  same  dirccticjn.  When  the  motors  J/,  and  M^^  revolve  in 
the  same  direction  at  different  speeds,  the  arm  X  (keyed  to 
shaft  P  P)  rotates  at  a  speed  equal  to  half  the  difference 
of  the  motor  speeds. 
Vol.  CXXXIII.  I5 
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In  Fig.  II  bevel  wheels  have  been  substituted  for  the 
spur  wheels  of  Fig.  lo,  reducing  the  number;  as  the  bevel 
wheel  B,  loosely  sleeved  on  the  arm  A^meshes  with  A  and  D, 
and  so  performs  the  mechanical  functions  of  both  the  wheels 
B  and  C,  of  Fig.  lo.  The  motors  AI^  and  I\^2  ^^'^  mounted  as 
before,  and  cause  no  rotation  to  the  arm  A^or  shaft  PP  when 
they  revolve  in  opposite  directions  at  the  same  speed. 
When  so  revolving,  at  different  speeds,  they  rotate  the  arm 
A' at  a  speed  of  half  their  difference  of  speeds,  in  the  direc- 
tion of  the  greater.  This  is  the  fundamental  form  of  the 
Edison  epicyclic  street-car  gear.  A  slight  alteration  in  the 
speed  of  the  motors  above  or  below  their  normal  speed,  or  one 
above  and  the  other  below  the  normal,  will  rotate  the  car- 
axle  P  P,  and  drive  the  car  forward  or  backward,  according 


Fig.  II. — Epicyclic  bevel-wheel  train  of  mechanism. 

to  the  direction  of  rotation  of  the  motor  having  the  greater 
speed.  Sometimes  the  arm  X  and  wheels  B  C,  Fig.  lo,  are 
duplicated  on  the  other  side  of  the  shaft,  as  in  Fig.  i6,  which 
distributes  the  strains,  but  in  no  way  changes  the  kinemati- 
cal  relations.  A  similar  addition  to  Fig.  ii  is  to  extend 
the  arm  X  and  loosely  mount  fourth  bevel  wheel  on  it, 
between  A  and  D.  All  of  these  are  simply  electrically- 
driven  epicyclic  gears. 

Epicyclic  Electro-magnetic  Mechanisms  may  now  be  derived 
by  substituting  dynamotors  (or  double  motors  if  needed) 
for  the  pair  or  pairs  of  gear-wheels.  In  Fig.  12,  the  dyna- 
motor  combination  C  D  has  been  substituted  for  the  two 
wheels  C  D,  of  Fig.  10,  discarding  motor  M^.  For  armature 
D  being  mounted  on  the  same  sleeve  with  A  and  M,  and  so 
driven  by  M,  now  operates  as  a  dynamo,  supplying  current 
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to  armature  C.  This  is  on  same  sleeve  as  wheel  H.  The 
dynamotor  fields  are  secured  to  arm  X.  Therefore,  while 
the  motor  M  is  run  at  a  constant  speed  all  the  time,  the 
dynamotor  C  I)  being  then  operated  as  a  variable-speed 
dynamotor,  the  speed  of  C  may  be  varied  at  will.  As  the 
fixed  speed-relation  between  the  gear-wheels  A  and  B  can- 
not change — an  increase  or  decrease  of  the  speed  of  C  from 
the  normal,  will  cause  the  arms  X  X  to  rotate  the  shaft  P P, 
in  the  same  way  that  Figs,  g  and  10  would  operate  if  the 
motor  J/,  were  run  at  constant  speed  while  motor  J/,  should 


Fig.  12.  Kic.  13. 

Combination  of  spur-wheels  and  dynamotor  in  an  epicyclic  train. 

be  varied  as  we  have  now  supposed  motor  C  to  have  been. 
Fig.  12  might  also  have  been  derived  from  I'lg.  ^  by  putting 
in  the  dynamotor  C  D  instead  of  the  motor  M.,.  Fig.  rj  is 
a  side  view  of  the  dynamotor  of  Fig.  12.  This  is  yet  a  com- 
bination of  mechanical  and  clectro-magneticelements.  I)n»p 
the  wheels  .-/  and  A',  giving  form  in  I'lg.  14. 

Fig.  14  is  the  true  electro-magnetic  and  epicyclic  mechan- 
ism combined.  The  dynamotor  fields  are  secured  to  the 
arms  X  X.  The  motor  M  driving  it,  tends  to  drive  the 
armature  A  as  a  dynamo,  but  both  A  and  H  are  connected 
up  with   the    external    circuit,  either   as   a   constant   or   a 


228 


Electrical  Section. 


[J.  F.  1., 


variable-speed  dynamotor.  Therefore,  if  motor  M  runs  free 
(open  circuit)  there  is  no  rotation  to  the  arms  XX,  while  A 
and  B  are  revolving  all  the  time  at  a  nominally  fixed  speed- 
relation. 

{a)  Now,  upon  operating  M,  as  a  motor,  but  against  the 
rotation  of  A  (and  therefore,  as  a  brake  to  A),  the  armature 
A  will  be  slowed  down,  which  will  cause  the  field  of  the 
dynamotor  and  arms  XX  to  rotate  in  the  opposite  direction 
of  armature  A,  in  order  to  continue  cutting  the  lines  of 
force  across  armature  A  at  same  rate  as  before,  and  so  to 
maintain  the  constancy  of  the  nominal  speed-relation 
between  armatures  A  and  B.     Should  the  armature  A  be 


Fig.  14. — Epicyclic  electro-magnetic  mechanism. 

slowed  down  till  it  stops,  the  dynamotor  field  will  increase 
its  speed  of  rotation  till  up  to  the  former  speed  of  its 
armature  A,  and  will  maintain  that  speed,  still  in  the  oppo- 
site direction,  as  long  as  armature  A  is  held  stationary,  by 
the  armature  of  M,  on  its  sleeve,  being  now  electro-magneti- 
cally  clutched  by  its  stationary  field.  Slowly  releasing 
armature  A,  will  cause  it  to  react  against  its  dynamotor 
field,  tending  to  stop  it;  when  armature  A  is  once  more  free 
the  arms  ^  A'are  stationary  again. 

ib)  By  again  operating  J/  as  a  motor,  but  causing  its 
armature  to  rotate  in  the  same  direction  that  it  had  been 
going  when  free,  and   increasing   its    energy  gradually,  it 
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will  cause  the  armature  A  so  to  react  upon  its  dynamotor 
field,  as  to  continue  to  cut  across  the  lines  of  force  at  same 
rate  as  before,  which  will  therefore  give  a  rotation  of  the 
dynamotor  in  the  same  direction  as  its  armature  D. 

Besides  controlling  the  motion  of  the  dynamotor  field 
(and  so  of  its  arms  XX,  and  shaft  P  P),  entirely  by  motor  M, 
it  may  be  partly  controlled  by  regulating-  the  external 
circuit  supply  to  the  dynamotor  fields  and  armatures. 

^^K^'  ^5  is  a  double  form  of  this  mechanism,  derivable 
from  Fig.  /^,  by  adding  another  dynamotor,  or  from  Fig.  12^ 
by  substituting  a  dynamotor  A  B,  for  the  gear-wheels  AB. 
One   or   both    of   the   dynamotors   may   be    variable-speed 


Fig.  15. — Double  form  of  epicyclic  electro-magnetic  mechanism. 

combinations  ;  and  one  only  or  both  may  therefore  be  under 
control  of  the  external  circuit.  The  armatures  A,  D  and  M 
are  all  on  same  sleeve,  loosely  mounted  on  shaft  P  P.  The 
armatures  C  and  I)  are  on  same  sleeve,  loosely  mounted  on 
shaft  S  S.     The  operation  is  analogous  to  that  of  Fig.  14. 

Fig.  16  is  a  double  form  of  the  gear  wheel  form  of  Fig.  lo, 
and  Fig.  ij  is  a  double  form  of  the  combination  ^hnwn  in 
Fig.  12. 

Three-armature  Dynamotors  are  shown  in  I'igs.  iS  and  /^, 
the  former  having  a  two-branch  magnetic  circuit,  and  the 
latter  a  four-branch  circuit.  Either  of  these  will  serve  for 
the  combination  shown  in  Fig.  ij.     All  of  the  armatures  of 


230 


Electrical   Section. 


[J.  F.  I., 


^\.\?;iQX  Figs.  I S  ox  I  g  may  be  run:  [a]  as  dynamos  with  electrical 
output  of  current ;  {b)  as  motors,  with  mechanical  output  of 
power :  or,  {c)  one  or  more  may  be  run  as  dynamos  supply- 
ing current  for  the  remaining  armatures,  as  motors,  in  the 
same  magnetic  fields.  The  differential  operation  of  the 
branch  circuits  C  and  D  would  result  in  no  flux  of  lines 
across  armature  Q,  when  the  fields  of  C  and  D  were  exactly 


Fig.   i6.  Fig.  17. 

Double  forms  of  epicyclic  mechanisms,  derived  respectively  from  Figs.  10 

and  12. 

balanced.  We  have  then  electro-magnetic  equilibrium,  as 
formerly  in  the  solenoid  mechanism,  and  more  or  less  stable, 
according  to  the  character  of  the  balanced  fields  of  force. 
Moreover,  there  is  constant  air-gap  resistance  here,  independ- 
ent of  the  position  of  the  balanced  circuits,  as  was  not  the 
case  with  the  dift'erential  coil-and-plunger  mechanism.  This 
eliminates  the  many  disadvantages  of  the  electro-magnetic 
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balance  in  the  solenoidal  form,  and  may  give  this  type,  or  a 
modification,  some  useful  purpose  to  fulfil  as  a  measuring 
instrument.  When  there  is  an  exact  balancing  of  the  mag- 
netic flux  from  C  to  D,  on  each  side,  there  will,  of  course,  be 
no  rotation  of  the  armature  Q.  And  when  there  is  not  a  bal- 
ance, it  will  either  cause  a  rotation  of  the  armature  Q  (if  the 
dynamotor  field  is  fixed),  or  cause  an  angular  swing  of  the 
field  (if  the  armature  Q  is  held  stationary).     This  swing  of 


Fig.  18.  Fk,.  19. 

Three-armature  dynamolors. 

the  field  is  somewhat  analogous  to  the  swing  of  the  field  of 
a  dynamo  when  mounted  in  the  form  of  the  Hrackett  cradle 
dynamometer.  Within  certain  limits  the  angular  deflection 
is  a  measure  of  the  torque.*  Hrackett  states  that  if  the  coun- 
terbalancing effort  of  the  spring  balance  or  weights  be 
removed,  the  field  will  perform  a  complete  revolution  and 

♦  Used  at  the  Stevens  Institute  of  Technology,  1884,  and  described  in  the 
EUctrUal  World,  ]ax\.  5,  1884. 
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go  on  revolving,  increasing  its  speed  till  it  and  the  armature 
(practically)  revolve  together;  when,  of  course,  there  is  no 
work  done  but  in  overcoming  internal  and  external  friction. 
This  action  of  the  field  and  armature  is  analogous  to  that 
considered  for  the  combinations  of  epicyclic  mechanisms, 
Figs,  i^  and  /  -r. 

The  Efficiency  of  Dynamotor  Transmission  should  approxi- 
mate to  that  of  the  motor-dynamo  transformers,  the  one 
being  practically  the  reverse  operation  of  the  other.  Syl- 
vanus  P.  Thompson  has  considered*  continuous-current 
transformers  to  be  capable  of  a  high  average  efficiency. 
Lahmeyer  employed  the  principle  of  the  dynamotor,t  con- 
sisting of  an  armature  turning  nominally  without  load,  as  a 
variable  resistance,  to  regulate  the  (constant)  number  of 
turns  of  the  working  armature.  In  Lahmeyer's  constant- 
current  transformer,:t  of  the  one-armature  type,  wound  both 
for  high  tension  supply  and  low  tension  demand,  all  in  one 
magnetic  field — we  have  a  form  of  construction  of  high 
practical  value.  There  is  higher  efficiency  at  less  cost  and 
decreased  size,  with  less  sparking  than  in  motor-dynamo 
transformers.  With  equal  excitation  this  transformer  works 
with  a  higher  degree  of  magnetic  saturation — because  the 
reactions  of  the  armature  coils  balance  each  other,  a  con- 
dition obviating  sparking.  The  efficiency  of  transformation 
is  about  ninety-two  per  cent.  The  Bernstein  constant- 
current  transformer  §  has  its  motor  armature  wound  with 
thick  wire,  the  dynamo  armature  with  thin  wire,  entirely 
separated  longitudinally,  and  turning  in  a  common  magnetic 
field,  which  is  excited  by  the  current  in  the  primary  wire. 
Being  a  series-field,  with  primary  field  in  series  with  the 
thick-wire  coils  of  the  magnet — the  speed  varies  directly 
as  the  electro-motive  force  required,  a  peculiarity  of  some 
importance  in  certain  work.     Elihu  Thomson's  continuous- 

*  Paper  before  the  International  Electrical  Congress,  on  "  Constant  Current 
Transformers,"  Paris,  1889.     See  Electrical  World,  Sept.  21,  1889. 
\  Electrical  World,  Oct.  12.  1889. 
X  Engineering,  London,  May  29,  1891,  p.  642. 
\  Electrical  World,  Jan.  25.  1890. 
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current  transformer,*  for  a  three-wire  system,  has  an  arma- 
ture consisting  of  a  double  winding  of  two  separate 
sets  of  coils,  the  counterparts  of  each  other  in  potential 
energy,  and  each  set  having  a  brush  and  commutator 
of  its  own.  The  armature  windings  of  this  so-called 
"  compensator"  are  of  quite  low  resistance  and  designed  to 
give,  at  its  normal  speed,  an  electro-motive  force  respectively 
equal  to  that  existing  between  the  side  wires  and  centre 
wire  of  the  three-wire  system.  Isolated  plant  forms  of 
dynamotor  transformers  are  to  be  seen  in  the  telephone  and 
hotel  service  electrical  work.-f  And  several  typical  forms 
of  dynamotors  have  been  exhibited  at  the  Frankfort  Exhibi- 
tion last  year,  details  of  which  may  be  seen  by  referring  to 
the  current  journal  reports  and  correspondence  of  that 
period.  Respecting  the  peculiar  conditions  likely  to  arise 
in  using  the  dynamotor  in  form  of  an  epicyclic  mechanism, 
the  field  and  armature  both  revolving,  Patten  has 
developed  a  formj:  of  dynamo  with  revolving  fields  and 
armature.  With  careful  design,  construction  and  manage- 
ment of  operations,  the  dynamotor  should  range  as  high  as 
ninety  per  cent,  efficiency  as  a  maximum. 

The  Kinematics  of  Electro-magnetic  Machinery  has  been 
touched  upon  in  the  foregoing  sections,  chiefly  with  reference 
to  the  propriety  of  including  electro-magnetically  connected 
mechanisms  with  previous  typical  forms,  the  mechanical 
equivalents  of  dynamotors,  and  the  conception  of  the  electro- 
magnetic kinematic  chain.  It  remains  to  be  seen  whether 
this  portion  of  the  subject  may  be  further  developed  along 
existing  lines  of  treatment  and  classification,  as  outlined  by 
Willis,  Rankine  and  Reuleaux :  or,  whether  it  may  not  be 
found  to  require  a  peculiarly  distinct  treatment,  owing  to 
the  special  need  of  considering  the  character  of  the  medium, 
and  its  own  kinematics  and  dynamics.  But,  in  the  present 
state  of  our  knowledge  it  is  well  to  guard  against  too  rigidly 


*  Elettrical   World,  April  16.  1887. 

t  Electriial  linf^inter.  New  York,  Dec.  23,  1 89 1. 

X  rJeitrual  World,  Nov.  26,  1887. 
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adhering  to  only  the  kinematical  and  mechanical  concep- 
tions of  the  ether  medium.  It  is  not  that  the  true  concep- 
tion is  necessarily  otherwise ;  but,  because  the  electro- 
magnetic mechanism  appears  to  have  many  well-known 
mechanical  equivalents.  For,  almost  all  the  kinematical 
problems  may  be  solved  by  electro-magnetic  connection,  in 
some  cases  more  readily  than  by  mechanical  devices. 

The  Characteristic  Features  of  the  Ether  Medium  led  Maxwell 
to  identify  the  two  phenomena  of  light  and  electro-magnetic 
waves,  basing  upon  this  identity  his  electro-magnetic  theory 
of  light.  Prof.  Henry  A.  Rowland  remarks'^  that  "  as  yet 
we  cannot  conceive  of  the  details  of  the  mechanism  which 
is  concerned  in  the  propagation  of  an  electric  current.  .  .  . 
According  to  our  modern  theories  of  physics  there  must 
be  some  medium  engaged  in  the  transmission.  .  .  .  That 
medium  which  is  supposed  to  extend  unaltered  throughout 
the  whole  of  space,  whose  existence  is  certain,  but  whose 
properties  we  have  yet  but  vaguely  conceived ;  .  .  .  we 
have  finally  completely  identified  the  ether  which  transmits 
light  with  the  medium  which  transmits  electrical  and  mag- 
netic disturbances."  And,  regarding  the  possibilities  bound 
up  in  the  intensity  of  the  electro-magnetic  stresses  which 
are  capable  of  being  induced  in  the  ether  medium,  Mr.  A. 
E.  Kennelly  statesf  that  they  are  far  in  excess  of  any  stress 
which  we  can  exert  without  the  cohesion  of  matter.  He 
estimates  that  one  cubic  inch  of  electro-magnetically  stressed 
air,  magnetized  to  a  flux  density  of  5,019  lines  per  cubic  centi 
metre,  and  alternated  227  times  per  second,  would  store  and 
release  energy  at  an  average  rate  of  one  horse-power.  So  that 
for  range  of  adaptability  in  meeting  the  requirements  of 
comparative  and  constrained  motion,  as  well  as  for  great  con- 
centration of  energy  in  the  transmission  and  transformation 
of  energy — the  ether  medium  stands  out  alone,  yet  with  a 
rapidly  increasing  field  of  application. 


*  ••  On  Modern  Views  with  Respect  to  Electric  Currents."      Transactions 
American  Institute  of  Eiec  trie  at  Engineers.     Vol.  vi.     No.  7,  July,  1889. 

t    Transactions  American    Institute   of  Electrical  Engijteers.     Vol.    viii. 
No.  II,  Nov.,  1891. 
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Systematic  Mineraloi^y ,  based  on  a  Natural  Classification,  with  a  general 
introduction.  By  Thomas  Sterry  Hunt,  M. A.,  LL.D.  Author  of  "  Chemi- 
cal and  Geological  Essays."  "  Mineral  Physiology  and  Physiography," 
"A  New  Basis  for  Chemistry,"  etc.  The  Scientific  Publishing  Company, 
27  Park  Place.     New  York  :   1891. 

In  order  to  appreciate  what  Dr.  Hunt  has  attempted,  and  what  he  has 
accomplished,  in  this  book,  we  must  take  a  short  retrospect  of  the  science  at 
the  risk  of  wearying  the  learned  by  repeating  what  all  should  know.  His 
own  excellent  preface  states  the  facts  in  detail,  but  they  may  be  summarized 
as  follows  : 

When  the  science  of  mineralogy  was  created  by  Werner  in  the  first 
decade  of  this  century,  the  science  of  chemistry  was  so  young  that  neither 
its  methods  nor  the  instruments  of  which  it  could  dispose  were  capable  of 
answering  the  many  questions  propounded  by  the  sister  science.  But  there 
was  a  whole  world  of  undetermined  facts  in  the  physiological  and  physical 
properties  of  those  curious  entities  called  minerals,  and  Werner's  quick  per- 
ception set  about  establishing  them  and  coordinating  them  for  use  in  a 
system. 

It  is  as  much  an  error  to  suppose  that  Werner  and  his  followers,  Mohs 
and  Breithaupt.  Jameson  and  Shepard,  undervalued  the  aid  of  chemistry,  or 
believed  that  the  "  stuff"  was  less  important  than  the  form  and  attributes,  but 
they  simply  could  not  wait  till  chemistry  grew  up,  and  did  as  well  as  ihey 
could  without  her  aid.  The  school-boy  need  not  be  told  that  Werner  was 
one  of  the  great  founders  of  the  Freiberg  School  of  Mines,  and  that  his  chair 
has  been  filled  first  by  Breithaupt,  and  secondly  by  its  present  occupant. 
Albin  Weisbach.  The  school  called  by  Dr.  Hunt  the  "  Natural  History  " 
school,  or  that  which  depends  upon  extrinsic  characters  for  bases  of  classifi- 
cation, is  therefore  very  naturally  the  Freiberg  School  of  Mineralogy,  and 
nowhere  else  has  the  fine  scrutiny  of  these  characters  been  carried  to  so  high 
a  point  of  perfection.  It  is  this  school  which  has  created  determinative  in 
contradistinction  to  analytical  mineralogy. 

But  immediately  upon  its  creation  a  set  of  opponents  arose  who  said  •  "  Of 
what  use  are  your  properties  of  minerals  if  you  do  not  know  the  constituent 
elements  of  which  they  are  composed  :"  To  which  the  Werneritc  replied  : 
"Of  what  use  is  the  knowledge  of  the  constituent  elements  of  a  mmcral.  if 
you  do  not  know  what  its  properties  and  uses  are  ?"  Both  were  right  anu 
both  were  wrong.  It  was  only  a  recurrence  m  this  science  of  ihc  same 
problems  which  had  perplexed  others.  Even  today  the  palconlologiil  aiks 
the  stratigrapher  of  what  use  is  a  determination  of  the  sequence  of  rocks  if 
one  is  ignorant  of  their  ages?  and  the  stratigrapher  retorts  "  How  ran  you 
know  their  ages  if  you  arc  ignorant  of  which  were  first  tleposilcd  .•*"  Of 
the  two  contending  schools,  that  of  Berzelius,  Rose,  Phillips.  RammcU- 
berg  and  Alger,  or  the  chemical,    was   the   least    conciliatory,    and  at  the 
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present  day  is  the  dominant  one,  in  spite  of  the  fact  that  the  progress  of 
what  is  called  physics  and  of  chemistry  had  been  great  enough  to  enable 
any  thoughtful  mind  to  perceive  that  they  were  mere  branches  of  the  same 
stem,  and  that  no  philosophic  insight  into  the  laws  of  the  manifestations  of 
matter  and  force  could  be  complete  without  the  aid  of  both. 

Dr.  Hunt  saw  this  clearly  many  years  ago,  and  outlined  the  main  features 
of  the  treatise  which  we  have  before  us.  In  completing  it  he  has  rendered 
two  distinctive  services  to  the  science,  which  will  not  be  diminished  whether 
or  not  his  system  be  adopted.  The  first  of  them  is  the  plain  or  irrefutable 
demonstration  that  not  only  is  it  not  expedient,  but  that  it  is  impossible  to 
consider  minerals  from  less  than  the  two  points  of  view  of  their  ultimate  con- 
stitution, and  their  physical  characteristics  ;  that  in  fact,  one  of  them  is  a 
function  of  the  other.  The  second  service  he  has  rendered  is  that  of  bringing 
us  face  to  face  with  the  issue  of  a  scientific  nomenclature,  and  compelling  us 
to  state  whether  we  are  in  earnest  in  accepting  the  postulates  so  forcibly 
insisted  upon  by  Linnaeus  and  Lavoisier,  each  in  his  own  science,  that  the 
names  of  the  various  divisions  of  a  classification  should  not  be  trivial  but 
should  be  based  upon  such  inherent  qualities  of  each  class  as  separate  it 
from  its  fellows  of  the  same  grade  while  including  all  the  individuals  of 
subordinate  divisions  within  it.  All  naturalists  will  assent  to  the  justice  of 
the  proposition,  theoretically,  yet  in  practice  it  has  been  neglected  in  all 
sciences,  and  even  in  chemistry  and  mineralogy  of  which  Lavoisier  and 
Werner  and  Breithaupt  made  it  the  foundation  stone. 

The  first  nine  chapters  substitute  a  general  introduction  to  the  subject, 
and  treat  respectively  of  (i)  The  relations  of  mineralogy.  (2)  Minera- 
logical  systems.  (3)  First  principles  in  chemistry.  (4)  Chemical 
elements  and  notation.  (5)  Specific  gravity.  (6)  Coefficient  of  mineral 
condensation.  (7)  Theory  of  solution.  (8)  Relation  of  condensation  to 
hardness  and  insolubility  (a  very  important  and  original  essay).  (9)  Crys- 
tallization. 

Chapter  X  deals  with  the  constitution  of  mineral  species.  Chapter  XI 
gives  this  new  classification  on  four  classes,  like  that  of  Breithaupt :  Metal- 
laceie.  Halidaceae,  Oxydaceae,  and  Pyricaustaceae.  Chapter  XII  lays  down 
the  rules  for  a  nomenclature.  Chapter  XIII  recites  the  list  of  classes,  sub- 
classes, orders,  genera  and  species.  Chapters  XIV,  XV,  XVI  and  XVII 
are  devoted,  one  to  each  of  the  before-named  classes.  The  XVIII  and  last 
chapter  is  a  most  interesting  and  valuable  treatise  on  mineral  waters.  It 
must  be  said  that  while  we  are  glad  to  have  this  chapter  here  or  anywhere, 
it  belongs  more  properly  in  a  treatise  on  geology,  for  even  if  pure  water  be 
a  mineral  yet  saline  and  mineral  waters  are  "  rocks  "  in  the  geological 
acceptation  of  that  term. 

The  volume  is  well  printed  and  bound,  both  type  and  paper  are  excel- 
lent, and  but  for  a  few  typographical  errors  such  as  never  would  have 
occurred  had  the  author  been  always  able  to  subject  the  proofs  to  the  search- 
ing scrutiny  that  is  a  second  nature  to  him,  the  volume  would  combine 
every  quality  which  a  book-lover  would  desire.  Such  errors  are  the  omission 
of  "  der  "  from  the  title  of  Rammelsberg's  work  on   the    first  page  of  the 
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preface;  the  omission  of  the  "p"  from  "  gypsiferous  "  para.  483,  p.  369, 
etc.,  etc.  But  the  work  is  a  contribution  to  science,  not  the  mere  colloca- 
tion of  the  ideas  of  numerous  dead  and  living  scientists.  F. 


Boston  Society  of  Xatitral  History :  Guides  for  Scienci'  Tcachim^.  No.  VI 11. 
Insecta.  By  Alpheus  Hyatt  and  J.  M.  Arms.  Boston,  U.  S.  A.:  U.  C 
Heath  &  Co.,  Publishers.      1890. 

Any  book  from  the  pen  of  Mr.  Alpheus  Hyatt  merits  the  attention  and 
is  now  to  receive  the  praise  of  the  world.  He  modestly  ascribes  the  success 
of  this  charming  little  book  to  Miss  J.  M.  Arms,  on  the  ground  that  it  could 
not  have  been  accomplished  in  the  absence  of  aid  by  her.  To  whomsoever 
belongs  the  praise,  it  is  a  book  of  the  class  to  make  science  popular,  because 
intelligible  to  the  young  mind.  After  the  title  page  comes  the  Synopsis, 
which  is  really  an  expanded  table  of  contents.  As  the  hrst-named  author 
says  in  the  Introduction,  which  comes  after  the  Synopsis  :  Insects  form  the 
most  favorable  and  are  apt  to  become  the  favorite  means  for  the  teaching  of 
observation  in  the  schools.  There  are  twofold  advantages  to  this  selection, 
(i)  It  tends  to  obliterate  the  repulsion  which  many  children  have  for  insects 
and  "  bugs."  (2)  The  study  of  insects  will  instruct  the  beginner  to  distin- 
guish between  the  noxious  and  the  harmless  insects,  and  to  prevent  the  indis- 
criminate slaughter  of  insects  because  they  are  insects.  Besides  these 
reasons,  the  collection  of  insects  is  made  easy  at  the  warmer  seasons  of  the 
year,  by  their  number  and  variety,  and  their  preservation  and  arrangement 
is  inexpensive  and  comparatively  clean  work. 

The  book  is  very  well  and  thoroughly  illustrated  by  drawings  and  tables, 
thus  putting  the  first  steps  in  entomology  within  the  reach  of  all. 

It  is  a  very  encouraging  sign  to  see  these  well-written  and  modern  books 
on  scientific  subjects  taking  the  place  of  the  antiquated  text  books,  many  of 
which  contain  much  that  is  erroneous,  and  more  that  is  obsolete,  with  little 
that  is  systematic  and  clear.  F. 


Nu  Efti^lish.  A  proposed  simplified  Knglish  language  for  home  use  and  for 
international  commerce  and  travel.  By  Klias  Molee,  Ph.  B  ,  .Mmnc- 
apolis,  Minn.     A  pamphlet. 

This  is'one  of  the  numerous  attempts  to  introduce  a  phonetic  language,  of 
which  our  Fnglish  has  been  the  incitement  to  the  greater  number,  though  by 
no  means  all. 

French  and  (ierman  have  each  come  in  for  their  share  of  the  supposed 
saving  grace  of  phonetics.  It  was  proper  that  a  Chicago  audience  should 
be  informed  that  after  the  trifling  preliminaries  of  an  agreement  between  .1 
number  of  civilized  nations  to  teach  Nu  Fnglish,  in  addition  to  their  native 
tongue,  to  ministers,  lawyers,  diplomats,  physicians  and  school  teacher*,  the 
whole  of  the  nations  would  learn  it  out  of  curiosity,  and  we  would  present 
the  edifying  spectacle  of  an  uni-lmgual  world.  The  contractions  and  com- 
binations are  very  similar  to  the  C.erman  in  such  words  as  "word-book," 
lexicon  ;  "  fish-love,"  ichthyology  ;  "  bind-word,"  conjunction,  etc. 


f 

238  Book   Notices.  [J.  F.  I.. 

We  are,  however,  somewhat  appalled  to  learn  that  "the  greatest  economy 
that  I  know  of  at  present,  which  is  practical,  would  be  the  abolition  of  the 
capital  letters.  They  ought  to  be  abolished  immediately.  I  say  this  as  a 
writer,  and  type-setter,  and  ex-teacher,"  etc. 

In  response  to  a  supposed  objection  why  the  proposed  reform  does  not 
start  in  Philadelphia,  New  York,  etc.,  he  replies:  "The  West  is  to-day  the 
King  of  the  United  States."  He  modestly  adds  :  "Great  ideas  have  seldom 
started  in  great  cities,  though  they  (?)  are  the  best  for  making  them  (?) 
known."  "Grammatical  rules  depend  more  upon  natural  ingenuity  than 
upon  philological  erudition  !  !  !" 

There  are  a  few  pages  devoted  to  the  Nu  Enghsh  as  a  means  of  oratory,  in 
which  "  Ladies  and  Gentlemana  :  "  "  My  friendees  and  my  friendina  do  first 
five  rula,  namely,  that  all  nouna,"  etc.,  etc. 

This  is  enough.  Due  notice  of  the  adoption  of  this  dialect  by  distant 
nations  will  be  given.  F. 


Elektro-Mctallurgie.  Die  Gewinnung  der  Metalle  unter  Vermittlung  des 
elektrischen  Stromes.  Von  Dr.  W.  Borschers.  (Mit  90  Text-Abbildungen.) 
Braunschweig:    Harold  Bruhn.     1891. 

The  extraction  of  certain  metals  from  their  ores,  and  the  separation  and 
refining  of  others  from  the  crude  mixtures  in  which  they  find  their  way  into 
the  market,  have  of  late  been  very  successfully  undertaken  and  carried  out  in 
practice  by  electric  methods.  The  interesting  developments  of  the  past  five 
years  which  have  created  such  a  pronounced  revolution  in  the  metallurgy  of 
aluminum  and  its  alloys,  have  naturally  attracted  more  popular  attention 
than  any  others ;  but  the  electric  methods  by  which  lead,  copper,  silver, 
gold,  etc.,  are  separated  and  refined  are  no  less  interesting  to  the  investigator, 
and  of  much  greater  industrial  importance.  As  the  application  of  the 
electric  method  to  metallurgy  is  as  yet  in  its  infancy,  it  is  scarcely  to  be 
expected  that  the  methods  employed,  many  of  which  are  tentative  and 
empirical,  should  be  found  fully  treated  of  in  the  books — and  it  happens, 
therefore,  that  while  the  general  subject  of  electro-metallurgy  is  attract- 
ing a  large  share  of  attention  on  the  part  of  enterprising  specialists,  and 
while  information  bearing  on  the  subject  is  eagerly  sought  after,  the  sources 
of  such  information  are  limited  both  as  to  number  and  yield. 

We  welcome,  therefore,  any  intelligent  and  conscientious  attempt  to 
add  to  our  available  literature  in  this  field,  and  the  present  work  will  prove 
exceedingly  useful  to  all  who  seek  information  as  to  the  present  state  of  this 
art.  The  only  works  at  the  present  time  accessible  to  English-speaking 
students  are  that  of  Gore  on  Elcctro-ineiallurgy ,  which  is  neither  so  recent 
nor  so  complete  as  this,  and  that  of  Richards  which  treats  exclusively  of 
aluminum  ;  and  Dr.  Borschers'  work  being  more  recent  than  either  of  these, 
contains  data  not  to  be  found  in  the  others.  The  advances  in  this  field 
are  so  rapid  and  radical  that,  just  at  this  time,  an  author  has  little 
encouragement  to  write  a  book,  since  it  is  almost  an  assured  fact  that  in  five 
years  it  will  be  regarded  as  ancient  history.  W. 
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*'  Makers  of  America."     Robert  Fulton.     His  life  and  its  results.     By  Robert 
H.  Thurston.     New  York.     Dodd,  Mead  &  Co.,  Publishers. 

It  is  always  an  agreeable  surprise  to  have  a  biographical  and  historical 
work  from  the  pen  of  a  master  in  the  science  which  occupied  the  life  of  the 
subject  of  his  sketch.  Indeed  no  other  is  capable  of  treating  this  class  of 
biography.     The  book  before  us  is  one  of  the  best  of  this  class. 

At  the  outset  the  author  disclaims  for  his  subject  the  creation  lie  novo  of 
an  idea,  but  rather  the  adaptation  of  what  was  known  before  to  practical  use, 
by  a  combination  with  other  known  contrivances.  With  rare  justice,  Prof. 
Thurston  mentions  the  early  experiments  of  William  Henry,  of  Pennsyl- 
vania, on  the  Corestoga  Creek,  in  1760.  He  probably  originated  the  idea 
of  the  steamboat  five  years  before  Fulton  was  born.  Both  Fitch  and  Fulton 
visited  Henry's  house.  In  1785,  Fitch,  at  a  special  meeting  of  the  Philo- 
sophical Society,  was  presented  to  the  members.  He  spoke  of  Mr.  Henry's 
claim  to  the  first  idea  of  propelling  boats  by  steam. 

Fitch  lived  on  the  banks  of  the  Neshaminy,  in  Bucks  County,  Pa.,  when 
he  tried  the  first  successful  experiments  in  using  steam  for  the  propulsion  of 
boats.  He  was  born  in  Connecticut.  James  Rumsey,  of  New  York,  also 
experimented  in  this  direction  in  1774.  One  of  Fitch's  boats,  in  April,  1790, 
made  seven  miles  an  hour.  Captain  Samuel  Morey,  of-Orford,  N.  H..  built 
a  steamboat  and  ran  from  Orford  to  Fairlee,  Vt.  and  back,  in  1793.  Fulton, 
the  subject  of  the  sketch,  was  born  in  Lancaster  County,  Pa.,  in  1760.  and 
h's  career  as  artist,  civil  engineer,  mechanic  and  statesman  is  ably  sketched. 
Esp)ecially  noteworthy  was  his  invenMon  of  a  diving  boat,  which  was  suc- 
cessful even  when  compared  with  modern  apparatus  of  the  time.  He  also 
suggested  the  screw  propeller  and  devised  submarine  ordnance  for  firing 
through  the  water  at  the  submerged  part  of  a  vessel's  hull.  He  deviled  a 
twin-screw  steamer  in  1805.  The  book  is  well  and  fully  illustrated,  and  is  as 
extremely  interesting  as  a  narrative  as  it  is  valuable  as  a  collection  of  well 
sifted  historical  data. 
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\_Proceedings  of  the  stated  meeting,  held  Wednesday,  February  ly,  i8g2.] 

Hall  of  the  Franklin   Institute, 
Philadelphia,  February  17,  1892. 

Mr.  Jos.  M.  Wilson,  President,  in  the  chair. 

Present,  sixty-eight  members  and  fourteen  visitors. 

Additions  to  membership  since  last  report,  eight. 

The  Secretary  reported  the  resignations  of  Messrs.  F.  Lynwood  Garrison 
and  Otto  C.  Wolf  from  the  Committee  on  Science  and  the  Arts.  The 
vacancies  were  thereupon  filled  by  the  election  of  Mr.  Frank  P.  Brown  for 
the  unexpired  term  of  Mr.  Garrison,  and  Mr.  Henry  F.  Colvin  for  the  unex- 
pired term  of  Mr.  Wolf. 

Mr.  Carl  Hering,  delegate  of  the  Institute  to  the  Frankfort  Electrical 
Exhibition,  described  some  of  the  principal  features  of  the  Exhibition.  (Mr. 
Hering's  report  will  shortly  appear  in  the  Journal.) 

Mr.  James  M.  Dodge  gave  an  oral  account  of  the  subject  of  coal  storage, 
and  illustrated,  by  means  of  a  series  of  lantern  slides,  the  substitution  of  the 
inefficient  and  comparatively  expensive  methods  of  the  past  by  the  vastly 
more  efficient  mechanical  methods  of  storing  and  re-loading  this  product, 
which  are  now  very  generally  used  by  the  large  companies  engaged  in  the 
transportation  of  coal. 

The  Secretary's  report  was  devoted  principally  to  an  account  of  the 
recent  developments  in  the  application  of  electricity  to  the  welding  and 
forging  and  shaping  of  metals. 

Mr.  John  Carbutt  described  certain  recent  improvements  in  photographic 
methods,  and  exhibited  some  remarkable  panoramic  pictures  forty-eight 
inches  in  length,  made  upon  a  curved  celluloid  plate  ;  also  several  specimens 
of  photographs  of  objects  taken  at  a  distance  of  several  thousand  feet  by 
means  of  a  peculiar  combination  of  lenses  devised  for  the  purpose  by  Dr. 
Miethe,  a  German  expert,  and  adapted  to  be  used  in  a  camera  of  ordinary 
size.  A  picture  of  the  same  subject  and  from  the  same  standpoint,  made, 
respectively,  with  an  ordinary  lens  and  the  tele-photo  lens  of  Dr.  Mitehe, 
were  shown  side  by  side  on  the  screen,  and  exhibited  a  surprising  difference ; 
the  latter  showing  distinctly  details  that  were  quite  invisible  upon  the 
former. 

Adiourned.  Wm.  H.  Wahl,  Secretary. 
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ALUMINUM:    ITS    MANUFACTURE    and   USES   from 
AN  ENGINEE^IN(x  STANDPOINT. 


liv  Alfred  E.  Hunt,  C.K., 
President  of  the  Pittsburgh  Reduction  Company. 


Defining  the  science  of  engineering  as  the  knowledj^e 
that  has  been  accumulated  of  the  relations  to  one  another 
of  force,  matter,  space,  time  and  motion,  and  the  practice  of 
engineerinji^  as  the  art  of  applying  this  knowledge  to  the 
conversion  of  the  materials  and  forces  of  nature  to  the  use 
and  convenience  of  man,  we  see  that  a  broad  field  has  still 
been  left  for  the  consideration  of  aluminum  in  the  limiting 
clause  in  the  title  of  the  lecture  to  be  given  to  you  this 
evening. 

Aluminum  is  now  being  made  throughout  the  world 
upon  a  commercial  scale  only  by  processes  of  electro-deposi- 
tion from  fused  electrolytes.  In  this  country,  the  Pittsburgh 
Reducti<m  Company  and  the  Cowles  Electric  Smelting  and 
Vol.  CXX.XHI.  16 
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Aluminum  Company  are  the  only  concerns  manufacturing 
commercially  and  furnishing  the  American  market  with 
aluminum.  In  Great  Britain,  the  Metal  Reduction  Syndi- 
cate, Limited,  a  branch  of  the  Pittsburgh  Reduction  Com- 
pany ;  and  in  Switzerland,  the  Aluminium  Industrie  Actien 
Gesellschaft,  manufacturing  at  Neuhausen,  using  the  water- 
power  of  the  Falls  of  the  Rhine ;  and  in  France,  the  firm 
of  Bernard  Brothers,  now  building  a  works  at  St.  Michaels, 
and  operating  the  Minet  process,  are,  so  far  as  the  writer's 
knowledge  goes,  the  only  manufacturers  now  whose  metal 
is  met  in  the  competition  of  the  world's  rapidly-growing 
market  for  aluminum.  These  statements  need  to  be  made 
preliminary  to  any  considerations  of  the  purity  or  other 
qualities  of  the  commercial  aluminum  of  the  markets  of 
the  present  day,  for  the  reason  that  manifestly  it  will  not 
be  fair  to  take  into  consideration  in  treating  of  the  com- 
mercial aluminum  of  to-day,  the  impure  products  made 
only  on  a  small  scale  by  the  great  number  of  processes 
being  experimented  upon,  and  by  the  many  people  working 
upon  "  The  Aluminium  Problem,"  as  one  of  your  lecturers, 
Prof.  Richards,  has  pleased  to  call  the  present  state  of  the 
art  regarding  the  metal.  The  "  problem "  of  extracting 
aluminum  from  some  of  its  compounds  which  was  first 
solved  by  Wohler,  in  1827,  and  later  more  completely  by 
Deville,  in  1854,  has  now  been  solved  so  many  times  and  in 
so  many  ways  that  the  task  need  hardly  be  dignified  with 
the  rank  of  a  ''problem"  to-day.  It  takes  very  little  skill 
with  our  present  knowledge  in  the  metallurgical  arts  to 
produce  an  impure  grade  of  aluminum,  as  evinced  by  the 
many  charlatans  who  are  endeavoring  to  delude  the  public 
with  their  experimental  exhibits  and  brilliant  pages  of 
prospectus  or  newspaper  effusions.  In  the  judgment  of 
your  lecturer,  the  aluminum  "■  problems  "  of  to-day  are  not 
so  much  the  ways  to  produce  the  metal  most  cheaply,  as  the 
ways  of  utilizing  the  metal  in  the  arts. 

In  the  first  of  these  problems,  with  great  respect  and 
with  due  deference  to  their  opinions,  I  disagree  with  those 
who  have  spoken  before  me  from  this  platform,  in  their 
expectation   that  cheaper  methods  of  production  are  forth- 
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comino^.  I  am  modestly,  but  firmly,  of  the  opinion  that 
the  aluminum  problem  of  the  cheapest  method  of  pro- 
duction has  been  practically  solved  in  the  electro-deposition 
of  the  metal  from  fused  electrolytes,  and  that  only  in 
details  will  this  method  be  improved  or  this  part  of  the 
aluminum  problem  be  better  solved. 

I  am  confident  that  the  aluminum  problem  of  quality,  as 
determined  by  the  purity  of  the  metal,  has  been  solved, 
and  that  upon  a  practical  commercial  scale,  too,  by  several 
of  the  later  methods  of  manufacture.  At  the  works  of 
Pechiney  &  Co.,  in  France,  from  a  date  at  least  as  far  back 
as  1882,  to  my  personal  knowledge,  M.  Henri  Brivet,  their 
managing  director,  was  enabled  to  manufacture  regularly, 
by  taking  the  utmost  precautions  and  with  carefulness  and 
skill  in  manipulation  as  well  as  in  all  details  of  the  Deville 
sodium  process  of  production  of  aluminum,  metal  of  over 
ninety-nine  per  cent,  purity,  an  achievement,  which,  with  the 
knowledge  and  state  of  the  art  of  aluminum  manufacturing 
then  existing,  and  wuth  the  inherent  difficulties  of  manu- 
facturing pure  aluminum  by  the  sodium .  process,  was 
worthy  of  the  highest  praise. 

The  impurities  of  the  sodium-made  metal  are  about  one- 
half  silicon  and  one-half  iron.  Both  the  Aluminium  Com- 
pany, Limited,  of  Oldbury,  and  the  Alliance  Aluminium 
Company,  of  New-Castle-on-Tyne,  England,  made  metal 
and  placed  it  upon  the  market  in  1887  and  1888,  of  over 
ninety-nine  per  cent,  purity;  and  Richards,  in  his  work  on 
Aluminium,  edition  of  1890,  p.  246,  refers  to  aluminum 
made  by  Grabau  by  a  modification  of  the  sodium  process,  in 
1888,  having  99*80  per  cent,  pure  aluminum. 

Both  the  Neuhausen  concern  and  the  Cowles.  as  well  as 
the  Metal  Reduction  Syndicate,  Limited,  of  Patricroft,  Lan- 
cashire, England,  and  the  Pittsburgh  Reduction  Company, 
find  no  trouble  by  the  electrolytic  process  in  producing 
regularly  metal  with  less  than  one  per  cent,  of  impurity. 
Indeed,  the  best  results  in  quantity  of  output  and  regularity 
of  working,  and  therefore  in  economy  of  manufacture,  arc 
when  producing  the  purest  aluminum,  and  it  only  requires 
further  development  of  the  manufacture  «>f  tb«-   aliiTiiiivini 
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oxide  used  as  the  ore  and  of  the  carbon  anodes — matters 
which  are  perfectly  practicable  and  possible — to  obtain 
almost  absolutely  chemically  pure  aluminum  by  the  elec- 
trolytic methods  now  in  use.  The  Pittsburg-h  Reduction 
Company  have  made  a  good  many  tons  of  aluminum  of 
over  99*90  per  cent,  purity  ;  and  I  take  pleasure  in  showing 
you  and  leaving  for  your  museum  a  number  of  little  ingots 
of  aluminum  containing  no  iron,  copper  or  lead,  and  only 
eight-one-hundredths  of  one  per  cent,  of  silicon,  having 
99*92  per  cent,  pure  aluminum,  by  the  results  of  our 
chemist,  Mr.  J.  O.  Handy.  With  these  achievements 
accomplished,  I  claim  that  the  problem  of  quality  of  the 
metal  as  evidenced  by  its  chemical  composition  has  been 
solved,  and  solved  with  fully  as  much  perfection  as  is  the 
case  in  the  metallurgy  of  any  of  the  other  metals.  For  with 
the  same  amount  of  care  and  precaution  necessary  to  pro- 
duce the  so-called  chemically  pure  metals  of  the  markets 
to-day,  by  the  electrolytic  process  equally  pure  aluminum 
can  be  produced,  and  in  regular  commercial  practice  alu- 
minum is  no\v  being  produced  as  pure  in  chemical  compo- 
sition as  any  of  the  other  metals.  I  make  this  statement  with 
care,  and  I  think  advisedly,  being  aware  that  other  authori- 
ties, for  whom  I  have  great  respect,  have  recently  written 
to  the  contrary.  The  standard  of  purity  of  product  obtain- 
able in  commercial  aluminum  having  already  been  estab- 
lished by  the  processes  now  extant,  and  the  advantages  of  the 
pure  metal  having  become  apparent,  quite  surely  any  new 
process  to  be  successful  in  its  competition  for  the  market 
will  have  to  produce  metal  of  equal  purity ;  a  task  that  will 
in  itself  condemn  many  possibly  competing  processes.  As 
aluminum  is  a  much  more  difficult  metal  to  reduce  from 
its  ores,  under  ordinary  conditions,  than  is  silicon  or  iron, 
almost  any  reagent  or  set  of  conditions  that  will  result  in 
the  production  of  metallic  aluminum,  will  alloy  with  it  any 
iron  or  silicon  that  there  may  be  present  in  the  reagents 
used.  This  necessitates  the  materials  used  being  almost 
chemically  pure  from  silica,  iron  and  other  more  easily 
reducible  metals— a  condition  that  will  add  fatally  to  the 
expense  of  many  possible  processes.     The  only  alternative 
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that  seems  to  me  possible  is  a  method  yet  to  be  devised 
of  cheaply  purifying"  the  metal  alloyed  with  these  sub- 
stances. In  fact,  in  this  possibility  of  obtaining-  the  metal 
alloyed  and  impure  on  a  large  scale  and  in  a  cheap  way,  and 
then  purifying  the  aluminum,  or  a  method  of  manufacture 
of  the  aluminum  as  a  by-product  of  other  operations,  to  my 
mind  rests  the  only  possible  competition  in  process  to  the 
electro-deposition  from  a  molten  electrolyte. 

In  the  economical  reduction  of  the  ores  of  most  metals, 
one  of  the  most  difficult  problems  to  be  solved  has  been  the 
wastage  due  to  oxidation,  volatilization  or  the  solvent 
action  of  slags,  or  the  impartial  reduction  or  separation  and 
collection  of  the  metal,  and  its  consequent  waste  in  the 
scoria  or  refuse  product.  There  are  very  few  metals  lieduced 
to  their  pure  state  without  a  wastage  of  at  least  ten  per 
cent.  In  the  manufacture  of  aluminum  as  practised  by 
the  Pittsburgh  Reduction  Company,  there  is  practically  no 
waste  whatever,  the  waste  problem  having  been  by  the  Hall 
process  entirely  solved. 

I  have  already,  in  a  previous  lecture  in  February,  1891, 
before  the  Boston  Society  of  Arts,  stated  that  the  cost  of 
manufacture  under  the  most  favorable  conditions  with 
water-power  and  large  output,  would  be  approximately 
twenty  cents  per  pound.  Nearly  one  year's  experience  and 
careful  study  of  the  matter  leads  me  to  reiterate  the  state- 
mcnt  then  made,  and  to  prophesy  that  the  ingot  metal  will 
be  made  by  the  Hall  process  within  the  next  few  years  at 
a  cost  of  between  eighteen  and  twenty  cents  per  pound; 
the  items  of  cost  being  about  one-third  for  the  ore,  one- 
sixth  for  the  expenditure  of  other  materials  than  ore.  one- 
third  for  the  electrical  current  expended,  one-twelfth  for 
labor  and  superintendence,  and  one-twelfth  for  general 
expenses,  interest  and  re])airs. 

Analyzing  these  items  of  cost,  the  ore  will  probably  be 
the  greatest  item  of  expen.se  in  any  successful  process,  and 
surely  the  oxide  alumina  is  not  only  the  richest  and  most 
easily  prepared  pure  ore,  but  will  prove  one  of  the  cheapest, 
if  not  the  cheapest,  of  compounds  from  which  to  extract 
the  metal.     Any  methods  of  cheaper  production  of  alumina 
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from  clay  or  other  more  abundantly  found  mineral  than 
bauxite  (the  hydrated  oxide,  containing  from  fifty-five  per 
cent,  to  sixty  per  cent,  alumina,  and  with  less  than  ten  per 
cent,  silica  and  iron,  the  remainder  being  water),  which  can 
be  laid  down  in  Pittsburgh  now  in  almost  unlimited  quanti- 
ties at  less  than  one-half  cent  per  pound,  will  be  equally 
applicable  to  the  electrolytic  as  to  any  other  process.  Quite 
surely  no  difference  here  in  the  art  will  make  an  insur- 
mountable barrier  of  cost  for  the  electrolytic  processes 
now  in  use  to  compete  against.  The  expenditure  for  other 
reagents  than  the  ore,  for  carbon  and  for  chemicals,  is  now 
less  than  five  cents  per  pound,  with  the  Pittsburgh  Reduc- 
tion Company,  and  in  the  estimate  can  fairly  be  reduced  to 
three  (?ents  per  pound  for  a  large  plant,  with  most  favor- 
able arrangements  made  for  its  supplies.  In  the  item  of 
electrical  power,  there  certainly  may  be  room  for  a  curtail- 
ment of  cost ;  but  even  should  this  expenditure  of  elec- 
trical power  be  lessened  one-half,  or  entirely  done  away 
with,  heat  alone  being  substituted  as  the  energ}'  for  reduc- 
tion of  the  ore,  it  will  be  difficult  to  conceive  of  a  method 
that  would  not  require  a  cost  of  at  least  one  cent  for  this 
heat,  which  would  be  a  saving  perhaps  of  four  cents  per 
pound  upon  this  item  of  electrical  power.  However,  I  feel 
confident  that  should  such  processes  be  devised,  the 
increased  expenditure  for  chemicals  and  other  reagents, 
besides  the  amount  quoted  as  necessary  for  the  Hall  elec- 
trolytic process,  will  nearly,  if  not  quite,  counter-balance  the 
saving  in  electrical  energy  expended  in  the  Hall  process. 

In  the  items  of  labor,  superintendence  and  general 
expense,  interest  and  repairs,  there  may  be  a  small  saving 
made  by  a  process  yielding  metal  more  rapidly  than  by 
the  comparatively  slow  electrolytic  process. 

I  would,  however,  here  call  attention  to  the  fact  that  our 
present  experience  leads  me  to  believe  that  the  items  of 
labor  and  superintendence  will  quite  surely  be  reduced  to 
between  two  and  three  cents  per  pound  of  metal  produced, 
and  the  amount  required  for  general  expenditure,  interest 
and  repairs  to  no  larger  than  an  equal  expenditure,  when 
thex  metal   is  made  upon  a  very  large  scale.     Again,  these 
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are  necessary  and  inherent  items  of  cost  of  any  method  of 
manufacture  and  the  amounts  that  can  be  saved  here  by 
other  possible  means  of  manufacture,  in  my  judgment,  will 
prove  very  small  indeed,  surely  not  more  than  three  cents 
per  pound  at  greatest — an  amount  which  I  grant  might,  at 
some  future  time  of  competition,  be  a  fatal  one  to  the 
higher  cost  parties,  but  would  not  be  such  an  amount  as  to 
lead  to  such  startling  changes  in  the  selling  prices  of  the 
metal,  beyond  what  can  be  done  by  the  electrolytic  manu- 
facturing interests,  as  one  would  be  led  to  believe  by  the 
prophets  who  have  gone  before  me.  With  the  cost  of 
manufacture  being  the  ore  at  six  cents  per  pound  of  metal 
made,  and  subject  to  almost  any  possible  lowering  of  rate 
applicable  to  any  other  process,  the  power  and  materials 
used  at  eight  cents,  and  the  labor  and  all  remaining 
expenses  at  between  four  and  six  cents  per  pound— cost 
items  that  I  believe  will  be  obtained  gradually  within  the 
next  few  years  by  the  electrolytic  methods  of  production, 
I  do  not  believe  that  there  will  be  other  methods  devised  to 
successfully  compete  with  their  totals  of  cost  per  pound. 
The  average  energy  expended  per  pound  of  metal  produced 
by  the  Pittsburgh  Reduction  Company  is  about  twenty 
electric  horse-power  hours,  or  each  electric  horse-power 
hour  of  energy  exerted  upon  the  electrolyte  yielding  about 
twenty-two  and  seven-tenths  grams  of  metal.  Hach  month, 
by  new  experience,  we  are  adding  to  this  efficiency,  and  wc 
confidently  hope  to  make  a  gain  of  at  least  ten  per  cent, 
upon  this  record  soon  ;  and  I  shall  not  be  satisfied  until  this 
gain  in  efficiency  shall  reach  at  least  twenty-five  per  cent, 
over  present  rates. 

Our  comi)ound  engines  have  a  record  of  two  pounds  of 
coal  per  indicated  horse-power  hour,  and  with  a  twenty  per 
cent,  loss  of  potential  in  conversion  of  indicated  horse- 
power into  electrical — an  estimate  that  is  very  liberal — we 
have  twenty-four  indicated  horse-power  hours  per  pound 
of  aluminum  produced,  or  an  expenditure  of  forty-eight 
pounds  of  coal,  which  costs  us  eighty  cents  per  ton  at  our 
works,  or  an  expenditure  for  ftiel  of  less  than  two  cents  per 
pound  for  the  aluminum  produced.     ( )f  course,  to  this  has 
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to  be  added  labor,  water  (which  we  pump  direct  from  the 
adjacent  Allegheny  River)  and  repairs  ;  items  which  count 
up  considerably  upon  a  plant  of  only  600  horse-power  ;  but 
with  a  large  plant  will  bring  the  cost  for  power  per  pound 
of  aluminum  very  low,  and  at  a  rate  which  will  compare, 
especially  if  triple  expansion  and  condensing  engines  are 
made  use  of,  very  nearly  equally  with  the  cost  of  the  best 
water-powers.  With  w^ater-powers,  of  which  there  are 
several  in  blocks  of  over  1,000  horse-power  each,  throughout 
the  country,  available  at  rates  of  from  $8  to  $15  per 
horse-power  per  annum,  we  can  reckon  on  the  cost  of  the 
electrical  energy  per  pound  of  aluminum  at  between  two 
and  three-quarters  and  three  cents  per  pound  of  metal 
made.  Undoubtedly,  the  splendid  power  to  be  developed 
at  Niagara  will  prove  one  of  the  best  in  the  world  for  the 
manufacture  of  aluminum. 

At  these  rates,  a  margin  of  nearly  100  per  cent,  is 
allowed  in  the  estimate  given  above  for  the  cost  of  the 
electric  power,  for  a  plant  manufacturing  aluminum  by  the 
Hall  process  under  the  most  favorable  conditions. 

I  do  not,  however,  much  fear  the  solution  of  this  portion 
of  the  "  aluminum  problem,"  adversely  to  the  interests  of 
those  of  us  who  are  engaged  in  the  electrolytic  method  of 
its  manufacture.  I  assure  you  that  I  do  not  thus  confidently 
assert  the  courage  of  my  convictions  without  a  reason 
therefor.  I  have  recently  read  over  the  historical  portions 
of  articles  on  aluminum  in  the  world-famed  Journal  of 
the  Franklin  Institute,  and  with  trepidation  noted  that 
it  was  possible  to  read  the  epitaph  of  all  the  methods  of 
manufacture  which  started  before  the  present  ones  of 
electro-deposition  from  molten  electrolytes ;  many  of  them 
in  the  light  of  their  day  with  even  more  of  bright  prospects 
of  financial  and  metallurgical  success  than  those  now 
extant.  I  have  noted  that  while  Prof.  Henderson  was  read- 
ing his  able  article  before  your  Institute,  in  October,  1888,  on 
aluminum,  in  which  he  speaks  of  the  improved  Deville 
sodium  methods  as  the  ones  de  facto  supplying  the  world's 
aluminum  of  that  day,  the  metal  was  then  being  regularly 
made  by  a  cheaper  method,  and  a  commercial  works  within 
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a  month  more  were  in  operation,  manufacturing  upon  a 
larger  scale  than  ever  before,  by  the  electrolytic  method 
that  was  to  entirely  supersede  the  improved  sodium  pro- 
cesses. Perhaps  a  similar  fate  hangs  over  this  paper  and 
its  author.  I  am  aware  that  precedent,  as  well  as  popular 
(and  to  a  considerable  extent,  scientific)  opinion  is  against 
me,  and  I  can  assure  you  that  it  would  take  much  less 
courage  for  me  to  acknowledge  the  probability  rather  than 
to  assert  the  improbability  of  a  cheaper  and  better  process, 
yet  I  am  constrained  to  take  the  position  that  I  have,  with 
the  hopes  of  turning  the  inventive  and  skilled,  as  well  as 
the  popular  attention,  to  the  fact  that  the  next  great  source 
of  cheapening  aluminum  will  be  a  large  demand  for  the 
metal,  at  present  prices,  sufficient  to  warrant  outlay  in  plant 
to  very  greatly  increase  the  capacity  for  manufacturing 
the  metal.  Aluminum  will  not  be  manufactured  by  any 
process  at  much  less  than  at  present,  nor  will  it  be  sold  at 
much  lower  rates,  until  the  output  be  measured  in  tons, 
and  not  pounds,  per  day.  The  lowering  of  the  market  price 
of  aluminum  in  the  future  will  be  gradual,  and  will  be 
directly  proportionate  to  the  deorease  in  cost  of  manu- 
facture, due  to  increased  capacity  of  the  manufactories. 

Just  as  the  wide-spread  acceptance  of  inaccurate  and 
misleading  information  regarding  the  properties  of  the 
metal  hindered  the  development  of  the  uses  of  aluminum 
in  the  arts,  so  at  present  the  wide-spread  forecasts  of  the 
metallurgical  prophets,  that  the  stars  of  new  and  much 
cheaper  processes  of  manufacture  are  above  the  horizon  of 
their  horoscopes,  without  so  much  as  vouchsafing  us  any 
tangible  reasons  therefor,  are  equally  hindrances  in  that 
they  discourage  the  expenditure  of  capital  necessary  to 
develop  the  manufacture  of  aluminum  upon  a  scale  suffi- 
cient to  materially  reduce  the  present  manufacturing  co>'ts 
of  the  metal.  The  many  brilliant  new  projects  backed  by 
scientific  experts  for  manufacture  of  aluminum  at  wonder- 
fully low  costs,  which  fiash  out  in  the  newspapers  like 
meteors  in  the  skv,  and  die  out  as  rapidly,  do  much  not 
only  to  hinder  capital  entering  legitimate  aluminum  indu.s- 
tries,  but  in  deterring  consumers  from   using  t>r  carrying 
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any  stock  of  a  metal  whose  selling  price  they  are  led  to 
believe  may  any  day  be  reduced  very  much  more  than  any 
possible  gain  their  fabrication  upon  it  may  be  to  them. 

In  my  j  adgment,  the  aluminum  problems  of  by  far  the 
greatest  moment  yet  remaining  to  be  solved  are  in  connec- 
tion with  the  development  of  the  uses  of  aluminum  in  the 
arts.  Much  has  already  been  done  in  this  matter,  the 
demand  for  the  metal  increased  tenfold  over  any  previous 
year  in  1891,  yet  very  much  more  remains  to  be  done.  Un- 
doubtedly much  has  yet  to  be  developed  in  details  in  the 
economical  production  of  aluminum ;  probably  very  few 
realize  that  more  than  your  lecturer.  At  the  same  time, 
the  problems  involved  in  the  development  of  the  uses  of 
aluminum  in  the  arts  have  been  under-estimated,  and  have 
not  received  the  intelligent  consideration  that  the  import- 
ance of  the  subject  warrants.  The  world  has  been  centu- 
ries learning  to  use  other  metals ;  we  have  a  right  to  expect 
more  rapid  development  with  the  increased  general  knowl- 
edge of  to-day,  yet  it  will  at  best  take  time  to  open  the 
entire  field  that  the  metal  is  destined  to  fill.  Within  the 
past  ten  years,  there  have  been  two  popular  widely-spread 
ways  of  solving  this  portion  of  the  '*  aluminum  problem," 
which  are  superficial,  erroneous,  and  a  hindrance  to  the  true 
solution  of  the  problem  ;  the  first  assuming  properties  for 
the  metal  that  it  did  not  possess,  proclaimed  that  aluminum 
would,  as  soon  as  it  could  be  produced  in  sufficient  quanti- 
ties, replace  all  the  other  metals  in  the  arts,  not  only  for  the 
special  purposes  where  the  higher  grade  metals  are  now 
used,  but  also  for  structural  and  building  purposes  to  replace 
iron  and  steel;  the  second  view  of  the  subject  (the  natural 
reaction  from  the  first  erroneous  one  has  become  current 
within  the  past  year  or  two,  as  the  people  began  to  use 
aluminum  and  found  their  ideals  regarding  it  shattered)  is 
to  the  effect  that  the  metal  has  little  or  no  use  in  the   arts. 

The  reasoning  for  the  first  popular  erroneous  answer  to 
the  problems  involved  in  the  development  of  the  uses  of 
aluminum  in  the  arts,  was  that  aluminum  was  by  far  the  most 
abundant  of  all  the  metals  in  its  distribution  in  the  earth's 
crust,  and  consequently  should  be   the  cheapest.     Confusing 
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the  comparison  of  strength  of  materials,  section  for  section 
with  equivalent  weights,  forgetting  to  take  into  account 
its  low  elastic  limit  and  modulus  of  elasticity,  or  modulus 
of  resilience,  or  its  lack  of  rigidity  under  compression  strains 
or  its  natural  softness  ;  but  noting  that  the  metal  withstood 
the  ordinary  atmospheric  and  other  usual  conditions  of  cor- 
rosion with  considerable  efficiency  over  other  metals  com- 
monly used  in  the  arts,  the  enthusiastic  conclusion  was 
reached  that  we  were  rapidly  leaving  the  "  steel  age  "  as  we 
had  the  "iron  age  "  before  it,  and  were  advancing  upon  the 
"aluminum  age,"  "where  this  wonderful  metal  should  super- 
sede all  others  for  almost  all  the  uses  of  mankind."  It  is 
surprising  that  some  of  the  hopeful  ones  did  not  propose  to 
mould  up  the  clay  banks  into  buildings  and  railroads  and 
other  useful  contrivances,  and  turn  on  the  electric  current 
and  produce  the  aluminum  structures  ///  situ. 

As  instances  of  the  second  view  of  the  case  that  I  am 
sorry  to  say  has  become  quite  fashionable  of  late,  as  shown 
by  the  frequent  publications  in  trade  journals,  a  writer  in  a 
recent  German  publication  disappointed  in  his  ideals  regard- 
ing the  solubility  of  the  metals  in  acids,  and  finding  that 
aluminum  could  not  be  used  as  a  substitute  for  platinum 
in  acid  stills,  immediately  jumps  to  the  conclusion  (and 
publishes  his  conclusions  broadcast)  that  the  metal  is  entirely 
unsuitable  for  culinary  utensils,  seemingly  forgetting  that 
cooking  operations  are  not  conducted  in  muriatic,  nitric,  or 
even  in  sulphuric  acids,  as  dressings  or  gravies,  and  not 
considering  it  necessary  to  investigate  the  action  of  these 
acids  or  their  salts  upon  the  metal  in  quantities,  and  under 
conditions  similar  to  those  the  metal  would  in  any  likeli- 
hood be  subjected  to  in  actual  use  in  culinary  utensils. 

Another  writer  has  gone  through  a  long  list  of  experi- 
ments, heading  his  table  of  results  "  Solubility  of  Aluminum 
in  Acids,"  using  aluminum  foil  and  finding  that  in  from 
two  to  four  days  the  fcul  was  dissolved  in  from  one  to  ten 
per  cent,  solutions  in  water  or  many  organic  acids, 
such  as  formic,  acetic,  butyric,  lactic,  tartaric,  citric, 
oxalic,  palmitic,  stearic,  gallic,  salicylic,  carbolic,  bi)ric, 
etc.,  he  wisely  proclaims  that  these  results  show  that  this 
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metal  is  unfit  for  canning-  materials,  cooking  utensils 
or  any  chemical  laboratory  purposes.  This  writer  forgets 
to  investiofate  the  differences  between  foil  and  thicker 
plates  before  drawing  his  conclusions,  nor  did  he  inquire  as 
to  the  action  of  these  same  reagents  upon  equally  thin  foil 
sheets  of  other  metals,  now  used  for  the  operations  he 
describes.  Had  he  done  so,  he  would  have  found  that  in 
the  sections  used  in  utensils  of  other  metals,  aluminum 
withstands  the  action  of  all  the  reagents  mentioned  as  well 
as  do  the  metals  now  in  common  use  ;  and  as  for  the  action 
of  ordinary  solutions  on  thin  foil,  tin,  iron  and  copper  are 
fully  as  rapidly  acted  upon  as  is  aluminum.  Aluminum 
has  neither  taste  nor  odor,  nor  are  its  salts  (in  small  quan- 
tity) especially  poisonous,  as  are  the  salts  of  other  metals 
now  more  commonly  used. 

Aluminum  is  not  much  more  acted  upon  than  is  tin, 
copper  or  silver  by  salt  water,  and  even  by  such  solutions 
in  vinegar  as  the  metal  is  liable  to  be  subjected  to  in  ordi- 
nary culinary  vessels.  The  salts  of  tin  or  copper  thus  dis- 
solved are  very  poisonous ;  but  not  only  are  the  aluminum 
salts  that  are  formed  less  in  amount,  but  the  acetate  of 
aluminum  formed  resolves  itself  on  boiling  into  either  an 
insoluble  subacetate  or  into  pure  alumina,  neither  salt 
having  either  taste  or  injurious  toxic  action.  For  these 
reasons,  quite  surely  aluminum  will  have  a  large  future  for 
cooking  utensils. 

Aluminum  cooking  utensils  have  been  used  in  my  own 
home  for  the  past  two  years,  almost  altogether,  being  sub- 
jected to  all  of  the  usual  materials  that  varied  household 
uses  subject  them  to,  including  plenty  of  good  soap  and 
water  and  scrubbing  ;  and  none  of  the  vessels  are  in  the  least 
corroded.  Aluminum  spoons  have  been  subjected  to  treat- 
ment with  vinegar  in  comparison  with  silver  spoons,  and 
have  withstood  the  ordeal  equally  as  well,  and  are  in  con- 
stant use  in  my  own  home. 

A  careful  and  intelligently  chosen  course  regarding  the 
development  of  the  use  of  aluminum  in  the  arts,  the 
medium  of  the  two  above  referred  to,  determining  the  uses 
for  which  the  metals  shall  be  utilized  in  the  arts  from  a 


April.  1892.]       Ma)iufacture  and  Uses  of  Aluuiinuni.  253 

reasonably  accurate  knowledge  of  the  properties  of  the 
metal  and  the  requirements  that  will  be  demanded  of  it  in 
its  proposed  applications,  is  the  task  to  be  accomplished  in 
solving  this  portion  of  the  "  aluminum  problem."  Consid- 
erable has  already  been  done  in  this  work,  and  fortunately 
the  problem  is  applicable  to  a  multitudinous  subdivision 
among  the  world's  workers.  Nothing  is  gained  in  advance- 
ment of  the  knowledge,  welfare  or  skill  in  the  arts,  in  the 
world's  rapidly  developing  needs,  except  at  somebody's  cost. 

"  Not  a  truth  has  to  science  or  art  been  given, 
But  brows  have  ached  for  it  and  souls  have  toiled  and  striven." 

There  is  much  yet  to  be  done  along  these  lines  in  solving 
this  portion  of  the  "  aluminum  problem."  I  believe  this 
field  to  be  a  richer  one  and  will  yield  better  results  to  the 
successful  investigators  of  the  future  than  the  one  of 
endeavoring  to  find  a  new  and  more  economical  method 
of  manufacture  of  the  metal. 

The  late  James  Nasmyth  epigrammatically  said  that 
"  engineering  is  common  sense  applied  to  the  use  of  mate- 
rials;" had  he  added  the  word  intelligeni,  his  definition  seems 
to  me  would  be  well  nigh  perfect,  and  that  portion  of  my 
subject  which  referred  to  the  "uses  of  aluminum  from  an 
engineering  standpoint "  could  be  stated  in  terms  of  this 
definition  as  follows  :  common  sense  applied  to  the  intelligent  use 
of  aluminum. 

It  is  along  these  lines  that  I  wish  to  make  a  plea  for  the 
metal  to-night,  that  the  public  interest  that  is  now  so  wide- 
spread, and  the  work  of  the  many  inventors  who  are  now  so 
earnestly  struggling  with  the  "aluminum  problem"  be 
turned  in  this  seemingly  new  direction  of  attacking  the 
metal  from  an  engineering  standpoint-  -that  is,  exercising 
"common  sense  applied  to  the  intelligent  use  of  the  metal." 

The  principal  impurity  of  the  commercially  pure  alu- 
minum of  to-day  is  silicon,  which  exists  in  two  forms,  one 
seemingly  combined  with  the  aluminum,  as  combined 
carbon  exists  in  white  pig  iron,  and  the  other  in  an  allo- 
tropic  graphitoidal  modification.  These  two  forms  of  silicon 
seem  to  exert  somewhat  ditTerent  effects  by  their  presence 
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in  the  aluminum :  the  combined  form  of  the  element 
rendering  the  metal  much  harder  than  the  graphitoidal 
variety.  The  combined  silicon  ordinarily  preponderates, 
being  fifty-five  per  cent,  to  eighty  per  cent,  of  the  total 
silicon  in  the  metal  of  ninety-nine  per  cent,  purity  made  by 
the  Pittsburgh  Reduction  Company.  The  graphitoidal 
silicon  is  separated  on  dissolving  aluminum  in  hydro- 
chloric acid  as  a  black  insoluble  residue,  and  appears  like 
graphitoidal  carbon  on  similarly  treating  gray  cast  iron. 
In  fact,  it  has  been  mistaken  for  carbon  by  many  super- 
ficial or  ignorant  observers.  Carbon  does  not  unite  with 
aluminum  except  at  very  high  temperatures,  and  its  influ- 
ence seems  to  be  to  make  the  metal  very  brittle.  Metal 
containing  carbon  can  readily  be  told  by  its  abnormal 
crystalline  and  peculiar  colored  fracture. 

In  the  electrolytically  made  commercially  pure  alu- 
minum of  to-day,  the  only  other  impurity  is  iron,  which,  if  it 
exists  in  larger  quantity  than  five  or  at  most  ten-one- 
hundredths  of  one  per  cent.,  is  the  result  of  carelessness  in 
manufacture,  or  the  selection  of  needlessly  impure  alumina 
ore  or  carbon  anodes.  The  presence  sometimes  found  of 
copper  or  lead  in  any  quantity  in  the  metal,  is  the  result  of 
needless  contamination  with  these  elements  in  the  prepara- 
tion of  the  ore  or  the  carbon  anodes,  or  in  the  manipulation 
of  the  pots.  By  allowing  the  pots  to  run  for  a  considerable 
time  without  ore,  and  with  a  high  current  and  very  hot 
electrolyte  as  sometimes  occurs  in  careless  working  of  the 
pots,  metallic  sodium  has  been  alloyed  with  aluminum  in 
noticeable  percentages.  Upon  placing  such  metal  in  hot 
water,  the  sodium  will  be  rapidly  dissolved  out  with  con- 
siderable effervescence,  and  the  pure  metal  left  spongy, 
honey-combed  and  weak. 

For  many  purposes,  the  purest  aluminum  cannot  be  so 
advantageously  used  as  that  containing  three  per  cent.,  or 
even  four  per  cent,  of  impurity,  as  the  pure  metal  is  very 
soft,  and  not  so  strong  as  the  less  pure.  It  is  only  where 
extreme  malleability,  ductility,  sonorousness,  or  non-cor- 
rodibility  is  required  that  the  purest  metal  should  be  chosen. 
For  most  purposes  a  small  percentage  of  other  elements 
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than  silicon  and  iron  are  advantageously  added  in  producing 
hardness,  rigidity  and  strength.  Titanium,  chromium  and 
copper  can  readily  and  cheaply  be  added,  and  are  constitu- 
ents that  will  not  detract  from  the  non-corrodibility  of  the 
metal  as  much  as  do  these  natural  impurities  that  come 
from  the  ore  and  apparatus — additions  that  will  give  the 
aluminum  a  better  color  and  greater  strength  and  hardness, 
with  proportionately  less  sacrifice  of  malleability,  ductility, 
etc. 

The  properties  of  aluminum  which  will  probably  give 
it  the  greatest  availability  in  the  arts,  are  : 

(i)  Its  relative  lightness. 

(2)  Its  non-tarnishing  quality  as  compared  with  many 
other  metals ;  aluminum  not  being  acted  upon  by  sulphur 
fumes  at  all,  and  being  ver^-  much  more  slowly  oxidized  by 
moist  atmospheres  than  most  of  the  metals. 

(3)  Its  extreme  malleability. 

(4)  Its  easy  casting  qualities. 

(5)  The  influence  of  the  metal  in  various  alloys  will  give 
it  advantages,  some  of  which  I  will  try  to  enumerate  and 
call  to  your  attention. 

(6)  Its  high  tensile  strength  and  elasticity  when  weight 
for  weight  of  the  metal  is  compared  with  other  metals,  and 
especially  when  alloyed  with  a  small  percentage  of  titanium, 
silver  or  copper  and  properly  worked  by  being  rolled  or 
hammered  or  otherwise  drawn  down. 

(7)  Its  high  specific  heat  and  electrical  and  heat  con- 
ductivity. 

Unfortunately,  aluminum  is  not,  section  for  section,  as 
has  been  widely  claimed,  comparatively  a  very  strong  metal. 
It  is  only  about  as  strong  under  tensile  strain,  section  for 
section,  as  cast  iron,  and  has  less  than  one-half  the  strength 
of  wrought  iron  under  ordinary  conditions.  Under  com- 
pression, the  metal,  unfortunately,  has  a  very  low  elastic 
limit,  although  its  extreme  ductility  allows  the  metal  to 
flow  on  itself  so  freely  as  to  make  it  for  special  purjioses  a 
very  safe  metal  to  use  in  compression.  I  show  a  series  of 
cylinders  of  one  and  one-half  inch  diameter,  which  have  each 
had  a  compressive  strain  of  200,000  pounds  applied  to  them, 


256  Hunt:  [J.F.  I.^ 

together  with  the  result  of  a  compression  strain  of   180,000 
pounds  upon  similar  cylinders  of  cast  iron. 

The  same  remark  applies  to  transverse  tests  on  alu- 
minum. It  is  not  a  rigid  metal  at  all,  and  bends  under  tran^s- 
verse  strains  very  readily.  I  append  a  table  of  results 
which,  from  our  experience,  I  believe  will  show  about  the 
average  tensile  and  compressive  tests  of  commercially  pure 
aluminum,  unannealed : 

Pounds. 

Elastic  limit  per  square  inch  in  tension  (castings) 5,000 

(sheet), 12,000 

(wire),  .  16,000  to  30,000 
(bars), 10,000 

Ultimate  strength  per  sq.  in.  in  tension  (castings),  ....     15,000 

(sheet), 24,000 

(wire),  .  30,000  to  65,000 
(bars) 28,000 

Per  Cent.. 

Percentage  of  reduction  of  area  in  tension  (castings),     ....  10 

Csheet) 25 

(wire), 40 

(bars) 2a 

Pounds. 

Elastic   limit   per  square   inch    under   compression    in 

cylinders,  with  length  twice  the  diameter 3.500 

Ultimate  strength  per  square  inch  under  compression 

in  cylinders,  with  length  twice  the  diameter,     .    .    .  12,000 

The  modulus  of  elasticity  of  cast  aluminum  is  about,     .  11,000,000 

"              forged         "             "             .  15,000,000 

"             "     resilience  of  cast            "             "             .  '1600 

forged         "             "             .  -2200 

Under  torsional  stress  in  Thurston's  torsional  machine,, 
the  metal  has  much  lower  modulus  of  rigidity  than  iron  or 
steel ;  its  maximum  shearing  stress  in  castings  being  about 
12,000,  and  in  forgings  about  16,000,  being  about  that  of 
pure  copper.  The  angle  of  torsion  is  about  equal  to  that  of 
the  softest  steel. 

The  following  tables  of  tests  are  of  results  obtained 
since  those  published  in  the  article  on  ''The  Properties  of 
Aluminum,"  by  Alfred  E.  Hunt,  John  W.  Langley  and 
Charles  M.  Hall,  published  in  the  Transactions  of  the 
American  Institute  of  Mining  Engineers ^  vol.  xiii. 
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Tabik  II.— curves  of  extension  OF  SAMPLES 

TABLE  I. 
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It  will  be  noted  that  the  tensile  strength  of  aluminum 
wire  runs  up  very  considerably  over  that  of  the  rolled 
metal.  This  is  due  to  the  peculiar  property  of  aluminum 
to  harden  under  work.  The  metal  requires  frequent  anneal- 
ing in  rolling  ;  and  if  it  is  to  be  drawn  into  wire  with  as 
little  annealing  as  possible,  the  tensile  strength  is  increased 
very  considerably.  This  property  of  the  metal  is  increased, 
especially  if  the  aluminum  is  alloyed  with  a  small  percent- 
age of  copper,  titanium  or  silver. 

It  is  perfectly  feasible  to  produce  a  wire  of  aluminum 
alloyed  with  a  small  percentage  of  silver,  titanium,  or  copper, 
which  will  have  a  tensile  strength  of  80,000  pounds  to  the 
square  inch,  and  which  will  have,  weight  for  weight  with 
copper  wire,  an  electrical  conductivity  of  170  to  that  of 
copper  being  100.  When  it  is  taken  into  consideration  that 
the  copper  will  only  have  a  tensile  strength  at  maximum  of 
(say)  30,000  pounds  per  square  inch,  against  the  80,000 
pounds  strength  of  the  aluminum-titanium  alloy,  and  when 
the  further  fact  that  iron  or  soft  steel  wire  has  only  a  con- 
ductivity of  seventeen  in  the  same  scale,  and  has  a  less,  or 
at  most  only  an  equal  tensile  strength  per  square  inch  with 
the  aluminum-titanium  alloy,  a  wide  field  for  usefulness  for 
electrical  conductors  seems  opened  for  the  metal,  even  at 
present  when  the  price  of  the  wire  of  aluminum-titanium 
alloy  will  necessarily  be  considerably  higher  ;  but  when 
such  an  alloy  can  be  produced  in  fine  wire  at  a  price  of  (say) 
fifteen  times  that  of  the  iron  wire,  pound  for  pound,  then 
as  the  section  can  be  reduced  the  aluminum-titanium  alloy 
will  be  the  cheapest  as  well  as  the  most  advantageous  for 
electrical  conductors. 

Two  things,  however,  should  always  be  borne  in  mind  in 
considering  the  applicability  of  aluminum  for  given  purposes 
in  the  arts.  The  first  is  that  the  properties  of  the  metal  are 
very  considerably  changed  as  regards  strength,  tenacity, 
hardness,  rigidity  and  color,  by  .alloying  it  with  small  per- 
centages of  other  metals,  conditions  that  do  not  materially 
change  the  specific  gravity  of  the  metal.  The  second  is  the 
relative  weight  of  aluminum  :  taking  the  tensile  strength  of 
.'duminum  in  relition  to  its  weight,  it  is  in  plates  as  strong 
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as  steel  at  80,000  pounds  per  square  inch  ultimate  strength, 
and  in  cold  drawn  Avire  as  strong  as  steel  at  180,000  pounds 
ultimate. 

The  specific  gravity  of  aluminum,  of  course,  is  one  of  its 
most  striking  properties  ;  it  varies  from  2*56  to  270.  The 
weight  of  a  given  balk  of  aluminum  being  taken  as  one, 
wrought  iron  is  2*90  times  as  heavy;  structural  steel  is  2*95 
times  ;  copper  3*60  times  ;  ordinary  high  brass,  3*45  times  ; 
nickel,  3*50  times;  silver,  four  times  ;  lead,  4  80  times  ;  gold, 
770  times  ;  and  platinum  8-6o  times  as  heavy.  Most  woods 
that  would  be  used  for  structural  purposes  are  about  one- 
third  as  heavy  as  aluminum. 

The  specific  gravity  of  aluminum  is  2'56  in  ingots  and 
2*64  in  forged  bars. 

A  cubic  inch  of  cast  aluminum  weighs  '092  pound ;  of 
rolled  sheet  metal,  '098  pound. 


Weight 
of  one 

in  Pounds 
Cubic  Foot. 

Tensile  Strength 
per  Square  Inch 

Length  of  Bar  in  Feet 

able  to  support  its 

own  Weight. 

Cast  iron 

444 

16,000 

535 

Ordinary  gun  bronze,     .    . 

525 

36,000 

9.893 

VVrought-iron  plates,  .    .    . 

480 

50,000 

15,000 

Aluminum  plates,    .... 

165 

26,000 

23,000 

(cold  rolled), 

168 

35,000 

39.615 

(cast),    .    .    . 

160 

15,000 

13,231 

(forged),    .    . 

165 

20,000 

17,700 

Wherever  momentum  is  to  be  overcome,  as  in  the  recip- 
rocal parts  of  many  forms  of  machinery,  aluminum  can  be 
advantageously  used. 

For  valves,  for  structural  purposes,  and  for  machinery 
where  lightness  is  a  prime  factor  and  where  the  wear  due 
to  the  softness  of  the  metal  in  bearings  can  be  avoided  by 
bushing,  and  its  pliability  can  be  overcome  by  properly 
designed  sections  and  by  using  metal  hardened  by  alloying 
and  by  cold-rolling,  drop-forging,  or  otherwise  stiffening  it 
up,  the  metal  can  be  used  advantageously  and  deserves 
further  consideration. 

Aluminum  does  not  oxidize  seriously  so  as  to  interfere 
at  all  with  the  strength  of  thin  sections  of  the  metal  as  does 
iron  or  steel ;  the  thin  film  of  oxide  which  covers  the  sur- 
faces of  the  metal  which  have  been  long  exposed  to  moist 
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atmosphere  seems  to  prevent  its  being  further  acted  upon. 
But  it  does  give  a  surface  tarnish  to  the  metal  which  cannot 
be  rubbed  off  with  the  usual  metal  polishing  compounds 
without  interfering  with  the  surface  of  the  soft  metal. 
This,  however,  can  be  removed  by  rubbing  with  a  flannel 
rag  which  has  been  immersed  in  a  two  per  cent,  solution  of 
hydrofluoric  acid  and  then  again  rubbing  up  the  polish  with 
a  rag  saturated  with  carbon  oil.  Special  aluminum  polishes 
have  been  devised  which  work  very  efficiently.  When 
properly  cared  for,  polished  surfaces  can  thus  be  kept  bright 
for  a  remarkably  long  time. 

As  compared  with  most  metals,  pure  aluminum,  under 
ordinary  circumstances,  withstands  the  action  of  wind  and 
weather  exceedingly  well ;  and  many  uses  to  which  the 
metal  is  now  being  successfully  applied  are  based  upon  this 
fact.  The  presence  of  silicon  in  aluminum  materially 
detracts  from  its  power  to  withstand  corrosion  due  to  atmos- 
pheric influences.  Metal  with  four  per  cent,  or  five  per 
cent,  of  silicon  very  soon  collects  a  thick  coating  of  oxide 
upon  it,  if  severely  exposed.  The  fact  that  pure  aluminum 
is  not  severely  acted  upon  by  boiling  water  or  by  steam  has 
led  *to  its  successful  use  as  a  packing  or  gasket  in  steam 
connections,  where  lead  and  similar  metals  have  been  rap- 
idly cut  out,  as  in  parts  of  steam  and  water  pumps  and  dif- 
ficult steam  joints. 

Aluminum  is  not  acted  upon  by  carbonic  acid  or  carbonic 
oxide,  or  sulphuretted  hydrogen,  at  any  temperature  less 
than  600°  F.,  and  these  facts  will  undoubtedly  lead  to  its 
application  for  many  new  purposes  in  the  future. 

Aluminum  is  found  to  withstand  the  action  of  organic 
.secretions  better  even  than  silver,  and  for  many  forms  of 
surgical  instruments  and  apparatus  such  as  suture  wires 
and  tracheometer  tubes,  the  metal  is  already  receiving  very 
wide  use.  Many  surgeons  are  having  their  instrument  cases 
made  of  aluminum;  it  having  the  advantage  that  they  can 
safely  be  washed  clean  with  antiseptic  solutions.  It  may 
be  well,  however,  to  say  here  that  perspiration  in  handling 
polished  aluminum  does  tarnish  the  metal,  and  that 
aluminum,  like  other  metals,  cannot   retain    a  high   polish 
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with  frequent  handling.  The  natural  acid  solvent  for 
aluminum  is  hydrochloric  acid.  Solutions  of  the  strong- 
caustic  alkalies,  chlorine,  bromine,  iodine,  and  fluorine 
rapidly  corrode  aluminum.  Ammonia  gas  has  ver^^  little 
action  on  the  metal,  except  to  turn  it  a  gray  color. 
Strong  aqua  ammonia  has  a  slight  solvent  action  upon 
it. 

I  take  pleasure  in  exhibiting  two  plates  of  about  six 
inches  square  each,  one  of  aluminum  and  one  of  copper, 
which  have  been  nailed  upon  the  wooden  sides  of  a  schooner 
that  has  made  a  trip  from  New  York  to  the  West  Indies 
and  back,  and  were  immersed  in  the  sea  water  together  for 
four  months.  The  sheets  weighed  one  pound  two  and  three- 
quarters  ounces  avoirdupois  for  the  copper  sheet,  and  five  and 
three-eighths  ounces  for  the  aluminum  sheet;  neither  sheet 
lost  an  appreciable  amount  by  the  service.  The  original 
thickness  of  the  sheets  was  0*087  inch  each,  and  now  is 
0*087  inch  and  o*o86  inch,  for  the  aluminum  and  copper, 
respectively,  vshowing  that  the  copper  sheet  corroded  the 
most  under  equal  treatment.  Unfortunately  for  the 
advantageous  use  of  aluminum  as  a  sheathing  for  ships, 
however,  the  barnacles  seem  to  thrive  on  the  aluminum 
sheet,  a  satisfactory  evidence  of  the  relative  non-corrodi- 
bility  of  the  metal,  but  not  of  its  availability  for  certain 
marine  purposes. 

For  structural  purposes  under  water,  where  metals  are 
required,  aluminum  seems  to  be  especially  adapted  to 
replace  the  more  easily  corroded  cast  and  wrought  iron  and 
steel  now  in  general  use  for  such  purposes.  Por  liners  and 
shims  upon  masonry  foundations,  aluminum  is  well  adapted, 
as  it  flows  sufficiently  to  allow  equal  bearings  on  all  parts, 
and  is  less  easily  cut  out  then  lead,  and  much  more  durable 
than  tinned  iron  sheets  which  are  now  in  general  use  under 
heavy  structures  of  metal  resting  on  metal  shims  on 
masonry. 

Aluminum  sheets  will  make  a  much  more  durable  and 
satisfactory  roofing  than  sheet  copper  now  generally  used 
in  valuable  buildings. 

Under  heat  the  coefficient  of  linear  expansion  of  three- 
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eighths  inch  round  aluminum  rods  of  ninety-eight  and  one- 
half  per  cent,  purity  gave  results  as  follows: 

•00002295  1 


•00002280        ,       r.  A 

^\   per  degree  Cenligrade, 
•0000206 

0000230  J 


between  the  freezing  and  boiling  points  of  water ;  that  of 
iron  being  -0000122,  tin  '0000217,  copper  00001718. 

The  coefficient  being  obtained  in  the  usual  way  by 
dividing  the  difference  in  length  of  the  test  bars  at  two 
given  different  temperatures,  by  the  product  of  the  original 
length  of  the  bars  times  the  difference  in  temperatures. 

The  specific  heat  of  aluminum,  according  to  the  experi- 
ments of  Prof.  J.  W.  Richards,  is  -02143,  water  being  taken 
as  one. 

The  coefficient  of  thermal  conductivity  of  aluminum,, 
obtained  by  the  method  of  Wiederman  and  Franz,  silver 
being  taken  as  100  and  copper  as  73-6,  is  37-96  (unanncalcd 
aluminum);  annealed  aluminum,  3cS-S7. 

Aluminum  stands  fourth,  being  preceded  only  by  silver^ 
copper  and  gold,  as  a  conductor  of  heat  as  well  as  elec- 
tricity. One  yard  of  annealed  aluminum  wire  of  ninety- 
eight  and  one-half  per  cent,  purity,  -0325  inch  diameter  at 
14°  C,  having  '05484  of  an  ohm  resistance;  a  yard  of  pure 
copper  wire  having  a  resistance  of  -0315  under  like  condi- 
tions. The  electrical  conductivity  of  a  standard  section  of 
pure  silver  being  taken  at  100,  an  equal  section  of  copper 
also  at  100,  pure  gold  at  78-0,  an  equal  section  of  pure 
annealed  aluminum  has  an  electrical  conductivity  of  about 
54-20. 

Pure  zinc 29*90 

High  brass 21-50 

Pure  tin '5  4S 

Soft  •  10  carbon  open  hearth  steel, 1200 

Platinum .    .  io^6o 

I^ad. 8-88 

Nickel 

Antimony ^  .^o 

Authority,  I^xart  Wi|«r.     Communication  to  the  Socirt^  Intemaiionalc  dcs  Kl«ctricir«» 
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This  relatively  high  electrical  conductivity  when  equal 
weights  are  taken  will  undoubtedly  prove  a  factor  of  import- 
ance in  developing  electrical  uses  for  aluminum. 

The  electrical  conductivity  of  aluminum  is  increased 
fully  five  per  cent,  by  carefully  annealing  even  the  ordinary 
soft  wire,  and  with  hard  drawn  wire  the  conductivity  is 
increased  by  annealing  nearly  ten  per  cent. 

Pure  aluminum  has  no  polarity,  and  indeed  the  commer- 
<:ial  metal  in  the  market  is  practically  non-magnetic. 

Pure  aluminum  is  very  sonorous,  and  its  tone  seems  to  be 
improved  by  alloying  with  a  small  percentage  of  silver  or 
titanium.  For  the  sounding  boards  of  musical  instruments, 
aluminum  has  been  proven  to  be  well  adapted. 

Pure  aluminum,  when  properly  treated,  is  a  very  malle- 
able and  ductile  metal.  It  can  readily  be  rolled  into  sheets 
-0005  of  an  inch  thick,  or  be  beaten  into  leaf  nearly  as  thin  as 
gold  leaf,  or  be  drawn  into  the  finest  wire.  Pure  aluminum 
stands  third  in  the  order  of  malleability,  being  exceeded 
only  by  gold  and  silver;  and  in  the  order  of  ductility, 
seventh,  being  exceeded  by  gold,  silver,  platinum,  iron, 
soft  steel  and  copper.  Both  malleabi  ity  and  ductility 
are  greatly  impaired  by  the  presence  of  the  two  common 
impurities,  silicon  and  iron. 

Aluminum  can  be  rolled  or  hammered  cold,  but  the 
metal  is  most  malleable  at,  and  should  be  heated  to,  between 
350^  and  400°  F.,  for  rolling  or  breaking  down  from  the 
ingot  to  the  best  advantage.  Like  silver  and  gold,  alu- 
minum has  to  be  frequently  annealed,  as  it  hardens  up 
remarkably  upon  working.  Due  to  this  phenomenon  of 
hardening  during  rolling,  forging,  stamping,  or  drawing, 
the  metal  may  be  turned  out  very  rigid  in  finished  shape, 
so  that  it  will  answer  excellently  well  for  purposes  where 
the  annealed  metal  would  be  entirely  too  soft,  or  too  weak, 
or  lacking  in  rigidity  to  answer.  Especially  is  this  true 
with  aluminum  alloyed  with  a  small  percentage  of  titanium, 
copper  or  silicon.  It  can  be  safely  stated,  as  a  general  rule, 
that  under  similar  conditions  the  purer  the  aluminum,  the 
softer  and  less  rigid  it  is. 

Aluminum  can  be  anneal-ed  by  heating  and  allowing  to 
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cool  gradually;  the  best  temperature  is  just  below  the  red 
heat.  Thin  sections  can  be  annealed  by  heating  in  boiling 
water. 

Aluminum  can  be  easily  and  readily  welded  by  the  appa- 
ratus of  the  Thomson  Electric  Welding  Company. 

Until  very  lately  the  lack  of  methods  for  successfully 
soldering  aluminum  was  among  the  greatest  drawbacks  to 
its  introduction  for  many  purposes.  Thanks  to  your  towns- 
man, Mr.  Jos.  Richards,  we  have  a  cheap  solder  that  works 
satisfactorily.  I  take  pleasure  in  exhibiting  soldered 
samples  and  pieces  of  the  solder.  The  trouble  with  any 
solder  is  to  get  it  to  flow,  for  not  only  has  the  natural  dis- 
inclination of  most  solders  to  spread  over  aluminum  to  be 
overcome,  but  also,  due  to  its  very  high  heat  conductivity, 
the  heat  of  the  solder  is  withdrawn  with  such  rapidity  as  to 
cause  the  solder  to  "freeze"  before  flowing  sufficiently. 
This  difficulty  has  been  overcome  in  most  cases  by  the  use 
of  a  ver}'  hot  soldering  iron.  In  the  most  difficult  places, 
the  use  of  crystals  of  chloride  of  silver  has  been  found  to 
aid  the  flow  of  the  solder.  This  use  of  chloride  of  silver 
for  this  purpose  is  subject  to  the  U.  S.  Patent,  No.  375,875,  of 
Messrs.  Page  and  Anderson,  of  Waterbury,  Conn.;  their 
patent  rights  being  for  sale  by  W.  H.  Pierce,  37  Piatt  Build- 
ing, Waterbury,  Conn. 

Sound  castings  of  aluminum  can  be  made  in  dry  sand 
moulds  or  in  metal  chills.  As  an  evidence  of  this,  I  take 
pleasure  in  exhibiting  a  tea-kettle  cast  from  the  metal  by 
the  Auburn  Hollow  Wax  Company,  of  Auburn,  N.  ^^  It, 
however,  requires  some  experience  and  expertness  on  the 
part  of  the  founder  to  master  the  peculiarities  of  the  metal, 
before  perfectly  sound  castings  can  be  uniformly  made. 
The  aluminum  should  not  be  heated  very  much  beyond  the 
melting  point;  otherwise  it  seems  to  absorb  gases,  which 
remain  in  the  metal,  preventing  sound  castings.  In  small 
quantities  the  metal  can  be  best  melted  in  plumbago  cruci- 
bles;  but  in  large  quantities  it  can  be  more  economically 
melted  in  a  reverberatory  furnace  with  alumina  or  magnesia 
brick  sides  and  alumina  bottom.  The  furnace  should  have 
a  tap-hole  for  drawing  off  the  liquid  metal  into  carbon-lined 
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ladles.  In  no  case  need  the  metal  be  covered  ^th  a  fliix  to 
assist  in  the  fusion  or  to  form  a  covering  of  slag.  In  fact, 
owing  to  the  metal's  lightness,  the  presence  of  any  flnx  will 
tend  to  unsoundness,  due  to  particles  of  it  becoming  entan- 
gled in  the  castings,  while  impurities  may  perhaps  be  added 
to  the  metal  bv  the  action  of  the  flux  on  the  lining  of  the 
meltinof  vessel.  The  shrinkas^e  of  seventeen-sixtv-f ourths  of 
an  inch  per  foot,  which  aluminum  has,  is  considerably  more 
than  that  of  brass,  which  is  about  three-thirty-seconds  of 
an  inch  per  foot. 

Undoubtedlv,  one  of  the  greatest  uses  for  aluminum  in 
the  arts  will  be  in  the  form  of  alloys  with  other  metals. 
Aluminum  in  proportions  of  a  small  percentage  added  to  very 
manv  different  metals  gives  valuable  properties.  Among 
these  alloys  is,  of  course,  aluminum  bronze.  The  alloys  of 
from  two  and  one-half  per  cent,  to  twelve  per  cent,  aluminum 
with  copper  have  so  far  achieved  the  greatest  reputation. 
With  the  use  of  eight  per  cent,  to  twelve  per  cent,  aluminum 
in  copper,  we  obtain  one  of  the  most  dense,  finest  grained 
and  strongest  metals  known,  having  remarkable  ductility  as 
compared  with  its  tensile  strength,  A  ten  per  cent,  alumi- 
num bronze  can  be  made  in  forged  bars  with  ioo,coo  pounds 
tensile  strength,  60,000  pounds  elastic  limit,  and  with  at 
least  ten  per  cent,  elongation  in  eight  inches.  An  aluminum 
bronze  can  be  made  to  fill  a  specification  of  even  130,000 
pK)unds  tensile  strength  and  five  per  cent,  elongation  in 
eight  inches.  Such  bronzes  have  a  specific  gravity  of  about 
7*50,  and  are  of  a  light  yellow  color.  For  cylinders  to 
withstand  high  pressures,  such  bronze  is  probably  the  best 
metal  yet  known. 

The  five  to  seven  per  cent,  aluminum  bronzes  have  a 
specific  gra\'it\'  of  8*30  to  8  and  are  of  a  handsome 
yellow  color,  with  a  tensile  strength  of  from  70,000  to 
80,000  pounds  per  square  inch,  and  an  elastic  limit  of  40,000 
pounds  per  square  inch.  It  will  probably  be  bronzes  of  this 
latter  character  that  will  be  most  used :  and  the  fact  that 
such  bronzes  can  be  rolled  and  hammered  at  a  red  heat  with 
proper  precautions  will  add  greatly  to  their  use.  Metal  of 
this  character  can  be  worked  in  almost  everv-  wav  that  steel 
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can,  and  has  for  its  adranta^nes  its  greater  strei^^  and 
dnctility  and  greater  pcnrer  to  withstand  cofrosion,  besides 
its  fine  color.  With  the  price  of  ahiniinani  lednced  only  a 
very  little  from  the  present  rates,  there  is  a  stroi^  proba- 
bility of  alnminnni  bronze  ref^acing  brass  Tery  larg^dy 

A  small  percentage  of  ahnninnm  added  to  Babbitt  meial 
gives  very  superior  results  over  the  ordinary  Babbitt  metaL 
It  has  been  fonnd  that  the  inflnence  of  the  alnminmn  npon 
the  ordinary  tin-antimony-copper-Babbitt  is  to  very  con- 
siderably increase  the  durability  and  wearing  properties  of 
the  alloy.  Under  compressive  strain,  alnminnm-Babbitt 
shows  to  be  a  little  softer  than  the  ordinary  Babbitt.  A 
sample,  one  and  one-half  inches  diameter  by  one  and  oneJialf 
inch  high  began  to  lose  shape  at  a  pressure  of  i2,qoo 
pounds^  A  similar  sample  of  the  same  Babbitt  metal  with- 
out the  addition  of  the  aluminum  (having  a  composition  of 
Yl  per  cent,  antimony,  yj  per  cent,  copper  and  eighty-oine 
per  cent.  tin>  did  not  begin  to  lose  its  shape  untfl  a  com- 
pressive strain  of  i6gooo  pounds  had  been  applied.  Both 
samples  have  stood  about  an  equal  strain  of  35xxx>  pounds. 
In  comparative  tests  of  the  ordinary  Babbitt  metal  and  the 
alnminam-Habbitt  metal,  the  latter  has  given  very  satis- 
factory results.  At  the  works  of  A.  W.  Cadman  ft  Co.,  63 
Water  Street,  Pittsburgh,  a  crank-pin  bearii^  of  a  thirty 
h  - '-"  -^ower  engine  with  the  ordinary  Babbitt  metal  required 

r .  2g  about  every  three  days :  and  after  inserting  in  the 

bearing  aluminam-Babbitt  strips  of  about  a  half4ndi 
width  upon  the  face,  dove-tailed  in  alternately  in  the  brass 
bearing,  the  same  bearings  ran  under  similar  work  for  two 
months  without  requiring  any  attention :  and  when  exam- 
ined at  the  end  of  two  months,  the  crank  pin  w-»5  found  to 
have  become  very  much  smoother  than  it  was  before  the 
alaminam-Babbitt  had  been  inserted.  Mr.  Cadmnn  recom- 
mends dove-tailing  in  the  strips  of  Babbitt,  for  the  reason 
that  it  gives  equal  bearing  all  over  the  surface.  Another 
advantage  of  this  Babbitt  is  its  extreme  malleability.  It 
can  be  hammered  out  to  a  thin  edge  withoot  cracking. 
whereas  the  ordinarv-  Babbitt  is  not  at  aU  malleable.  An 
advantage  of  this  is  that  for  bearings,  with  alaminnm,  the 
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Babbitt  can  be  rolled  into  shape  for  inserting  in  the  dove- 
tailed recesses,  which  can  be  cut  and  drifted  out  at  a  very 
small  expense,  and  the  amount  of  Babbitt  required  is 
reduced  to  a  minimum. 

Aluminum  is  also  being  used  very  successfully  in  steel 
castings,  and  has  added  very  considerably  to  the  progress 
which  has  been  made  within  the  last  two  years  in  obtaining 
sound  steel  castings.  A  large  number  of  steel  casting  com- 
panies are  regularly  using  the  metal  aluminum  in  quanti- 
ties of  from  one-half  pound  to  several  pounds  of  aluminum 
to  the  ton  of  steel.  In  the  manufacture  of  ordinary  steel 
ingots  by  the  open-hearth  and  Bessemer  processes,  it  has 
lately  been  shown  in  the  article  on  ''Aluminum  in  Steel 
Ingots,"  by  Prof.  J.  W.  Langley,  at  the  January,  1891,  meet- 
ing of  the  American  Institute  of  Mining  Engineers,  that  the 
use  of  aluminum  in  small  proportions  (from  one-third  to 
three-fourths  of  a  pound  of  aluminum  to  the  ton  of  steel) 
has  proved  to  be  an  economical  success,  preventing  blow- 
holes and  unsound  tops  of  ingots. 

Alloys  of  aluminum  with  copper  in  proportion  of  from 
two  per  cent,  to  fifteen  per  cent,  have  been  advantageously 
used  to  harden  aluminum  in  cases  where  a  more  rigid  metal 
is  required  than  pure  aluminum.  Copper  is  one  of  the  most 
common  metals  used  at  present  to  harden  aluminum.  A  small 
percentage  of  copper  decreases  the  shrinkage  of  the  metal 
and  gives  alloys  that  are  especially  adapted  for  art  castings. 
The  remainder  of  the  range,  from  fifteen  per  cent,  copper 
up  to  over  eighty-five  per  cent.,  give  crystalline  and  brittle 
alloys  of  no  use  in  the  arts ;  which  are  of  a  grayish-white 
color,  up.  to  eighty  per  cent,  copper,  where  the  distinctly 
yellow  color  of  the  copper  begins  to  show  itself. 

With  the  exception  of  lead,  antimony  and  mercury,  alu- 
minum unites  readily  with  all  metals;  and  many  useful 
alloys  of  aluminum  with  other  metals  have  been  discovered 
within  the  last  few  years,  and  I  prophesy  that  many  more 
will  be  found  within  the  next  few  years.  I  consider  this 
field  as  one  of  the  most  promising  for  investigation  of  any 
of  the  "aluminum  problems."  The  useful  alloys  of  alu- 
minum so  far  discovered  are  all  in  two  groups,  the  one  of 
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aluminum  with  not  over  fifteen  per  cent,  of  other  metals, 
the  other  of  metals  containing'  not  over  fifteen  per  cent,  of 
aluminum;  in  the  one  case,  the  other  metals  imparting 
hardness  and  other  useful  qualities  to  the  aluminum,  and 
in  the  other,  the  aluminum  giving  useful  qualities  to  the 
other  metals. 

The  alloy  of  a  small  percentage  of  silver  with  aluminum  to 
harden,  whiten  and  strengthen  the  metal,  g-ives  a  metal 
especially  adaptable  for  many  fine  instruments,  tools  and 
for  electrical  apparatus,  where  the  work  upon  the  product 
and  its  convenience  are  of  more  consequence  than  the 
increased  price  due  to  the  addition  of  the  silver.  The  silver 
lowers  the  melting  point  of  aluminum  and  gives  a  metal 
susceptible  of  taking  a  fine  polish  and  making  fine  castings. 

Titanium  and  chromium  can  be  readily  alloyed  with 
aluminum  according  to  methods  devised  and  patented  by 
Prof.  John  W.  Langley.  This  will  probably  prove  to  be  the 
most  valuable  means  of  hardening  alummum  ;  a  small  per- 
centage of  titanium  rendering  the  metal,  under  work,  very 
rigid  and  yet  elastic  at  the  same  time.  Chromium  is  the  best 
metal  for  hardening  aluminum  castings;  the  triple  alloy 
being-  best  adapted  where  a  very  hard  and  vet  elastic 
material  is  required. 

More  or  less  useful  alloys  have  been  made  of  aluminum 
with  bismuth,  nickel,  cadmium,  magnesium,  manganese  and 
tin,  these  alloys  all  being  harder  than  pure  aluminum  ;  but 
it  is  by  combinations  of  these  metals,  with  additions,  perhaps, 
of  copper,  lead  and  antimony,  that  allcn-s  of  most  value  have 
so  far  been  discovered.  vSome  are  additions  of  only  one  per 
cent,  to  two  per  cent,  of  aluminum. 

The  modifications  of  pewter,  britannia,  white  metal,  delta 
metal,  and  the  like,  with  additions  of  aluminum,  have  shown 
very  useful  qualities  and  will  add  very  considcrablv  to  the 
demand  for  aluminum  in  the  near  future. 

The  following  alloys  have  recently  been  found  useful : 
Nickel-aluminum,  composed  of  twenty  parts  nickel  and 
eight  parts  aluminum,  used  for  decorative  puq)oses;  rosine, 
composed  of  forty  parts  nickel,  ten  parts  silver,  thirty  parts 
aluminum,  and    twenty  parts   tin,  for  jewellers'  work;    sun- 
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bronze,  composed  of  sixty  parts  cobalt  (or  forty  parts  cobalt), 
ten  parts  aluminum,  forty  (or  thirty)  parts  copper;  metal- 
line, composed  of  thirty-five  parts  cobalt,  twenty-five  parts 
aluminum,  ten  parts  iron,  and  thirty  parts  copper. 

Besides  these.  Prof.  Emmens,  the  well-known  inventor  of 
Emmensite  explosives,  has  great  hopes  for  an  alloy  of 
aluminum-bronze  and  nickel  for  a  gun  metal. 

Prof.  Robert  Austin  has  discovered  a  beautiful  alloy, 
containing  twenty-two  per  cent,  aluminum  and  seventy- 
eight  per  cent,  gold,  having  a  rich  purple  color  with  ruby 
tints. 

The  addition  of  from  five  per  cent,  to  fifteen  per  cent, 
aluminum  to  type  metal  composed  of  twenty-five  per  cent, 
antimony  and  seventy  five  per  cent,  lead,  makes  a  metal 
giving  sharper  castings  and  a  much  more  durable  type. 

To  ordinary  brass,  the  addition  of  aluminum  gives 
superior  strength  and  better  anti-corrosive  qualities. 

Some  very  marled  and  valuable  qualities  have  been  dis- 
covered in  the  use  of  aluminum  and  zinc  for  various  pur- 
poses. 

A  mixture  of  aluminum  with  zinc  is  made  by  the  Dela- 
ware Metal  Refinery,  of  Philadelphia,  which  has  proved 
very  useful  in  the  galvanizing  bath ;  adding  one  pound  of 
the  aluminized  zinc  alloy  to  each  ton  of  spelter  contained  in 
the  bath,  and  one  pound  of  the  alloy  additional  for  each  i,ooo 
pounds  of  new  spelter  put  into  the  bath.  The  effects  are  to 
make  the  spelter  more  fluid,  coating  smoothly  twenty  per 
cent,  more  surface  than  ordinary  spelter,  with  a  surface 
that  is  brighter,  more  malleable  and  will  double-seam  much 
better  than  ordinary  galvanized  iron.  The  use  of  alumin- 
ized zinc  for  this  purpose  is  patented  by  Jos.  Richards,  of 
Philadelphia. 

The  aluminized  zinc  has  also  been  added  to  good  advan- 
tage as  an  addition  to  ordinary  brass  mixtures;  about  one 
per  cent,  to  the  weight  of  the  brass  mixture  of  aluminized 
zinc  being  used,  plunged  with  a  pair  of  tongs  under  the 
surface  of  the  metal,  where  it  is  stirred  with  a  rod.  The  sur- 
face of  the  brass  mixture  is  then  skimmed,  and  after  waiting 
about  half  a  minute,  until   the  bubbles  of  disengaged  gas 
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cease,  poured  as  usual.  The  effects  are  to  make  sounder 
castings,  increase  the  strength,  and  give  a  finer  color  to 
the  metal,  which  will  resist  oxidation  much  longer  than 
ordinary  brass.  Should  the  amount  of  iron  in  the  brass 
mixture  be  high,  as  large  an  amount  as  two  per  cent,  of 
aluminized  zinc  can  be  added  to  liquefy  the  iron.  The  use 
of  aluminized  zinc  for  brass  alloys  gives  a  heavier  yield  of 
metal  than  without  its  use ;  and  the  Delaware  Metal 
Refinery  people  claim  that  the  increased  yield  and  sounder 
castings  produced  will  much  more  than  pay  the  slightly 
increased  cost  of  the  brass  mixture  by  the  addition  of  the 
aluminized  zinc. 

Aluminum  has  been  successfully  used  to  replace  litho- 
graphic stone. 

Powdered  aluminum  mixed  with  chlorate  of  potash  is 
used  to  give  a  photographic  flash-light,  which  gives  much 
less  smoke  than  the  magnesium  compounds  used. 

The  Tacony  Iron  Metal  Company,  another  well-known 
Philadelphia  concern,  has  successfully  produced  an  alu- 
minum coating  for  iron,  which  undoubtedly  will  have  con- 
siderable use  in  the  future. 

Samples  of  their  work  I  take  pleasure  in  showing  you 
this  evening. 

To  the  inventors  who  shall  produce  good  methods  of 
nickel-,  silver-  and  gold-plating  aluminum  so  that  it  can  take 
the  place  of  german-  and  nickel-silver,  a  rich  reward  is  in 
waiting. 

I  have  endeavored  in  the  latter  portion  of  this  lecture  to 
indicate  a  few  of  the  uses  that  have  already  been  estab- 
lished, and  the  openings  that  seem  most  prominent  to  my 
own  observation  for  the  use  of  aluminum.  Undoubtedly, 
there  are  many  other  fields  yet  waiting  for  the  metal  which 
will  yield  rich  returns  to  the  successful  investigator ;  and  I 
close  this  lecture  by  again  reiterating  the  prophecy  that  the 
financially  most  successful  solution  of  the  aluminum  prob- 
lems of  the  future  *'  will  be  in  the  ways  of  utilizing  the 
metal  in  the  arts,  rather  than  in  devising  more  economical 
methods  of  manufacture." 
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The  little  city  of  Newcastle-on-Tyne  has  not  been  back- 
ward in  improving  the  stream  which  affords  the  means  of 
carr}'ing  away  its  coals.  In  1843,  at  some  points  the  water 
was  only  two  feet  deep  at  low  tide.  The  difference  between 
low  and  high  water  was  twelve  and  one-half  feet.  Even  at 
high  tide  the  river  was  so  obstructed  by  bars,  and  the 
channel  was  so  tortuous  that  vessels  often  needed  two 
and  three  tides  to  reach  the  sea,  only  twelve  miles  away. 
For  years  the  city  has  been  at  work  dredging  out  the  river, 
and  from  1838  to  December  31,  1889,  the  enormous  quantity 
of  86,900,000  tons,  nearly  60,000,000  cubic  yards  of  material 
was  removed.  In  addition  to  this  great  piers  have  been  built 
out  into  the  North  Sea,  so  as  to  facilitate  passage  over  the 
bar  at  the  mouth  of  the  river,  and  to  make  a  harbor  of 
refuge  for  vessels  plying  along  the  coast,  and  the  Northum- 
berland and  Albert  Edward  docks  were  duof.  These  docks 
have  a  combined  water  area  of  seventy-nine  acres.  Dur- 
ing the  thirty-nine  years,  from  January  i,  185 1,  to  Decem- 
ber 31,  1889,  the  sum  of  nearly  $50,000,000  has  been  spent, 
and  an  income  of  nearly  $28,000,000  has  been  received. 

In  the  case  of  neither  the  Clyde  nor  the  Tyne  has  any 
mention  been  made  of  the  increase  of  prosperity  of  the  cities 
of  Glasgow  and  Newcastle.  The  industry  most  intimately 
associated  with  these  cities  in  the  American  mind  is  their 
ship-building.  The  yards  of  the  Clyde  are  celebrated,  and 
most  of  the  great  transatlantic  racers  come  from  them. 
Hardly  less  so  are  the  yards  along  the  Tyne  which  in  five 
years,  1880  to  1884,  both  included,  turned  out  597  ships  of 
1,435  tons  average. 

In  the  cases  of  the  Clyde,  the  Tyne  and  the  Manchester 
Canal,  the  work  has  all  been  done  with  the  sanction,  but 
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without  any  pecuniary  assistance  from  the  general  govern- 
ment. They  are  great  commercial  ventures  which,  in  the 
case  of  the  first  two,  have  proved  immensely  profitable  and 
the  last  is  likely  to  be  not  less  so. 

Turning  now  to  the  city  of  Antwerp  we  find  anew  system 
wherein  part  of  the  work  is  done  by  the  city  and  part  by  the 
general  government.  It  is  very  difificult,  if  not  impossible, 
for  one  not  thoroughly  familiar  with  this  port  to  say  just 
what  has  been  done  by  each.  Of  one  point  we  are  sure  :  the 
general  government  built  the  magnificent  quay  wall  on  the 
right  bank  of  the  Scheldt,  between  the  years  1877  and  1884, 
at  a  cost  of  about  S^, 000,000.  Of  another  point  we  are  sure  : 
in  twenty-five  years,  from  1859  to  1884,  the  city  spent  on  the 
enlargement  and  equipment  of  its  docks  more  than  $15,000,- 
000,  or  §600.000  a  year.  This  may  be  called  doing  pretty 
well  for  a  city  which,  in  1859,  had  a  population  of  108,500, 
and  in  1884,  201,400.  Its  advantage  is  seen  in  this  state- 
ment: From  1830  to  1840,  the  average  daily  tonnage  enter- 
ing the  port  was  440;  from  1880  to  1885  it  was  9,572,  and  at 
the  present  writing  it  is  probably  far  beyond  10,000  tons  per 
day. 

It  is  useless  to  carry  these  accounts  further.  We  every- 
where find  the  same  extensive  works  going  on.  It  is  only 
in  our  own  country,  the  one  of  whose  greatness  we  are  con- 
stantly talking,  that  we  find— nothing. 

New  York  indeed  has  made  a  beginning,  and  so  far  as  I 
am  aware,  it  is  the  only  one  of  our  American  cities  which 
has  undertaken  the  improvement  of  its  water  front  in  a 
systematic  way.  A  plan  for  this  work  was  drawn  up  and 
adopted  several  years  ago,  and  since  then  the  improvement 
has  gone  ahead,  every  year  approaching  a  little  nearer  to 
completion.  Whether  it  will  ever  catch  up  to  the  growth 
of  the  city  is  hard  to  say.  As  the  method  of  carrying  on 
this  work  is  of  our  own  country,  a  short  account  of  the  organ- 
ization which  has  it  in  charge  may  be  interesting. 

All  work  along  the  river  front  is  under  the  control  of  the 
Department    of    Docks,    which    has   exclusive    charge   and 
control,  subject  in  certain  cases  to  the  approval  of  the  Com- 
missioners of  the  Sinking  Fund,  of  all  wharf  property  includ- 
VoL.  CXXXIir.  i« 
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ing  wharfs,  piers,  bulkheads  and  structures  thereon  and 
waters  adjacent  thereto,  and  all  ships,  basins,  docks,  water 
fronts,  land  under  water  and  structures  thereon,  and  the 
appurtenances,  easements,  uses,  reversions  and  rights  belong- 
ing thereto,  and  which  are  now  owned  or  possessed  by 
the  city  of  New  York,  or  to  which  it  is  or  may  become 
entitled.  It  has  exclusive  charge  and  control  of  all  opera- 
tions of  construction  or  repair,  of  dredging  and  deepening 
around  and  between  piers,  and  of  leasing  and  protecting  all 
wharf  property.  It  has  exclusive  government  and  regula- 
tion of  piers,  wharves,  bulkheads,  slips,  docks,  basins,  etc., 
with  all  structures  thereon,  water  thereto  adjacent  and  land 
under  the  water.  But  while  it  has  authority,  with  the  approval 
of  the  Commissioners  of  the  Sinking  Fund,  to  change  the 
location  and  width  of  piers,  it  has  no  power  to  change  the 
exterior  lines  of  piers  and  bulkheads  as  established  by  law. 

The  Department  of  Docks  is  composed  of  three  Com- 
missioners, who  are  appointed  by  the  Mayor  and  who  serve 
six  years  at  a  salary  of  $3,000  a  year.  The  Commissioners 
must  be  residents  of  the  city,  and  ceasing  to  be  residents 
they  cease  to  be  Commissioners.  They  may  be  removed  from 
office  by  the  Mayor,  subject  to  the  approval  of  the  Governor 
of  the  State.  In  case  of  a  vacancy  arising  before  the  expi- 
ration of  the  term  of  one  of  them,  the  successor  is  appointed 
only  for  the  unexpired  portion  of  the  term. 

Funds  for  carrying  on  the  works  are  obtained  through  the 
issuance  by  the  Comptroller  of  "  dock  bonds  of  the  city  of 
New  York."  These  bonds  bear  interest  at  six  percent.,  and 
are  redeemable  from  time  to  time,  but  not  before  thirty 
years.  Not  more  than  $3,000,000  may  be  issued  in  any  one 
year,  and  none  of  the  bonds  may  be  sold  below  par.  The 
money  obtained  from  these  bonds  is  deposited  in  the  city 
treasury,  and  is  paid  out  on  requisition  of  the  Department 
of  Docks,  countersigned  by  the  Commissioners  of  the  Sink- 
ing Fund.  It  is  used  for  payment  of  all  work  done,  for 
salaries,  for  the  purchase  of  property,  or  the  payment  of 
damages  awarded  under  appraisement.  Property  acquired 
by  condemnation  is  obtained  under  the  same  rules  and 
regulations  as  tnat  for  streets  and  public  places. 
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Work  may  be  done  by  contract,  in  which  case  twenty-five 
per  cent,  is  retained  on  all  partial  payments,  or  by  day's 
labor  if  so  ordered  by  the  afifirmative  votes  of  all  the  mem- 
bers of  the  Board. 

Upon  the  completion  of  the  wharves,  piers,  etc.,  and 
their  being  opened  for  use,  the  department  regulates  all 
charges  for  wharfage  and  dockage,  which  it  may  alter  from 
time  to  time  as  necessity  may  require.  Leases  may  be  made 
to  special  parties  or  corporations  for  terms  not  exceeding 
ten  years,  and  agreements  mav  be  made  for  renewals  at 
advanced  rates  for  fifty  years.  All  leases,  other  than  those 
made  for  districts  appropriated  by  the  department  to  special 
commercial  interests,  are  to  be  made  at  auction  to  the  highest 
bidder.  Lessees  may  be  required  to  make  all  needful 
repairs  and  keep  the  leased  property  in  good  condition 
under  penalty  of  forfeiture  and  damages ;  or  they  may  be 
required  to  keep  in  order,  in  general  terms,  what  is  above 
the  water  while  the  department  does  the  same  for  what  is 
below. 

The  department  makes  all  rules  and  regulations  for  the 
care  of  property  and  affixes  penalties  for  their  violation,  not 
to  exceed  $500  fine  or  thirty  days'  imprisonment,  or  both, 
judgments  to  be  obtained, by  suit  in  the  name  of  the  city. 
All  rents,  fines  and  penalties,  and  other  money  collected  by 
the  department,  belong  to  the  city  and  are  paid  into  the 
sinking  fund. 

It  makes  an  annual  report,  in  which  are  given: 

(i)  The  names,  occupations  and  pay  of  all  persons 
appointed  and  employed  by  the  department. 

12)  A  statement  of  the  action  of  the  department  for  the 
past  year,  classified  with  reference  to  the  virions  subjects 
and  duties  which  have  engaged  the  attention  of  the  Hoard. 

(3)  A  list  of  orders  and  rules  and  of  the  contracts  made 
by  the  department,  payments  with  the  purposes  and  amounts 
thereof,  and  the  leases  drawn,  together  with  the  terras, 
rentals,  names  of  lessees  and  description  of  the  properties 
leased. 

It  may  deepen  the  water  near  and  adjoining  any  private 
wharf,  pier,  dock  or  bulkliead,  <»r  land    within    the  city,  in 
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such  places  and  at  such  times  as  it  may  deem  necessary  and 
proper. 

It  may  remove  anv  vessel,  raft  or  float  from  any  place 
Vhere  it  mav  be  moored  or  anchored,  whenever  such  removal 
may  be  necessary  for  the  convenient  prosecution  of  work 
doing  under  the  department. 

It  must  furnish  mooring  places  for  the  public  baths  upon 
requisition  from  the  Department  of  Public  Works. 

It  has  to  assign  such  slips  or  berths  in  slips  and  at  piers 
as  may  be  convenient  and  necessary  for  the  Department  of 
Street  Cleaning. 

Such,  in  brief,  is  the  organization  of  the  New  York 
Department  of  Docks.  Its  executive  officers  are  a  Secretary 
and  a  Chief  Engineer,  the  latter  receiving  a  salary  of  $6,000 
a  year. 

The  necessity  of  having  the  approval  of  the  Commissioners 
of  the  Sinking  Fund  in  certain  cases  is  most  unfortunate,  and 
it  has,  at  times,  greatly  cramped  the  action  of  the  Dock 
Department.  In  fact,  the  Commissioners  of  the  Sinking  Fund 
have  it  in  their  power  to  put  a  stop  to  work,  by  refusing  to 
countersign  the  requisitions  for  funds  of  the  Dock  Depart- 
ment. One  Board  is  bad  enough,  but  two  of  them  is  well- 
nigh  impossible,  and  that  the  operations  of  the  New  York 
department  have  been  so  successful  is  largely,  if  not  wholly, 
due  to  the  able  engineers  who  have  directed  them. 

Let  us  examine  now  the  relation  of  the  Port  Wardens  of 
Philadelphia  to  that  port,  and  compare  their  duties  and  powers 
with  those  possessed  by  the  Department  of  Docks  of  New 
York.  So  far  as  the  purposes  of  this  lecture  are  concerned 
we  may  say  that  they  have  no  powers  at  all.  They  can 
acquire  no  property,  they  can  direct  no  work,  they  can  take 
no  initiative.  To  be  sure  they  can  play  a  negative  part — that 
is  to  say,  if  a  person  wish  to  construct  a  wharf  or  bulkhead 
the  approval  of  the  Wardens  must  be  had,  and  they  must  be 
convinced  that  the  applicant  is  the  real  riparian  owner.  For 
the  purpose  of  improving  the  facilities  of  the  port  the 
Wardens  have  no  powers,  and  the  same  is  true  of  the  Harbor 
Commissioners. 

At  the  present  time  there  is  no  way  by  which  anything 
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can  be  done  in  Philadelphia  to  meet  the  second,  third  and 
fifth  conditions  which  should  be  fulfilled  if  this  port  is  to 
take  hi^h  rank. 

Turning  now  to  the  fourth  condition,  the  necessity  of 
easy  access  to  the  interior,  we  find  a  state  of  affairs  very 
difl^icult  to  overcome.  In  respect  to  inland  communication 
Philadelphia  is,  without  doubt,  badly  off.  The  topography 
of  the  State  of  Pennsylvania  is  such  that  the  construction 
of  a  water  connection  between  the  eastern  and  western  sec- 
tions is  well  nigh  an  impossibility,  except  at  a  price  which 
is  prohibitory  in  the  present  apathy  of  the  public  mind 
toward  waterways.  As  water  will  not  run  uphill,  a  canal 
cannot  be  carried  over  the  mountains  after  the  fashion  of  a 
railway.  This  makes  the  passage  from  one  water-shed  to 
another  a  difficult  problem,  and  the  more  so  if  the  slopes  on 
each  side  of  the  crest  be  steep,  which  is  the  case  in  this  State 
with  those  of  the  Susquehanna  and  Ohio.  vStill  as  improve- 
ments continue  in  canals,  and  lifts  are  constructed  which  raise 
boats  carr}'ing  3Cxd  to  400  tons  through  heights  of  fifty  feet 
and  more,  we  may  hope  to  see  interest  in  the  subject  revive. 
Who  shall  say  that  American  genius  cannot  devise  the 
means  of  raising  a  boat  carrying  1,000  tons  through  a  height 
of  seventy-five  or  eighty  feet  ?  It  will  not  be  so  daring  a 
feat  as  the  construction  of  a  550-span  bridge  for  a  railway, 
or  that  of  the  suspension  bridge  between  New  York  and 
Brooklyn.  These  lifts  are  costly,  to  be  sure,  but  they  solve 
in  the  simplest  way  one  great  question  of  canals,  the  water 
supply  of  the  summit  level.  They  also  save  much  time 
because  a  boat  has  only  one  lock  to  enter  and  leave  for  a 
difference  of  level  equal  to  the  reach  of  the  lift,  whereas 
with  the  ordinary  system  the  operations  must  be  repeated 
at  each  lock.  The  time  of  going  up  and  down  by  a  lift  is 
very  short.  At  Anderton,  on  the  River  Weaver,  the  time 
recpiired  to  raise  one  boat  and  lower  another  fifty-two  fi-r-t 
was  about  two  minutes. 

As  interior  communication  cannot  be  had  for  the  time 
being  by  water  without  leaving  the  boundaries  of  the  State, 
we  must  turn  our  attention  to  the  railway  avenues  of  exit 
with  which,  as  I  have  said  before,  the  citv  is  fairly  well  pro- 
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vided.  Three  important  lines  of  railway  centre  here  :  the 
Pennsylvania,  the  Baltimore  and  Ohio  and  the  Reading. 
The  Lehigh  Valley  comes  in  and  will  probably  make  use  of 
the  Pennsylvania  terminals.  Of  these  foui*  lines  the  Penn- 
sylvania has  the  predominant  influence  and  by  reasons  of 
its  terminal  facilities  practically  controls  the  railway  freight 
business  of  the  city. 

The  complaint  is  made  that  the  Pennsylvania  discrimi- 
nates against  the  city  in  favor  of  New  York  and  Baltimore. 
Why  not?  Is  not  discrimination  at  the  very  bottom  of 
almost  all  business  ?  What  are  card  rates  but  a  means 
whereby  discriminations  can  be  made  in  favor  of  one  cus- 
tomer as  against  the  other?  To  be  sure  discounts  are 
largely  governed  by  the  size  of  the  orders.  Is  the  freight 
business  of  Philadelphia  as  great  as  that  of  New  York  ?  The 
railroad  has  also  competition  from  both  the  adjoining  cities, 
and  makes  for  them  rates  to  meet  the  competition.  Wherein 
does  it  differ  from  the  seller?  Where  the  latter  has  a  field 
to  himself  does  he  sell  as  cheap  as  when  a  competitor  ap- 
pears and  offers  better  rates  ?  A  railway  sells  services  as  a 
manufacturer  sells  goods,  each  at  the  highest  price  to  be  had. 

Again,  the  complaint  is  made  that  the  railroads  control 
legislation  to  too  great  an  extent.  But  whose  is  the  fault  ? 
The  blame  lies  with  us— the  people.  So  long  as  we  choose  for 
office  men  who  can  be  influenced  by  passes  or  other  induce- 
ments offered  by  the  railways,  so  long  will  they  act  in  favor 
of  these  bodies  unless  some  other  body  appears  and  offers 
a  higher  bid.  If  you  wish  unbiassed  action  you  must  choose 
men  who  cannot  be  biassed.  If  you  wish  independent  action 
you  must  choose  independent  men.  So  long  as  the  best 
men  will  neglect  their  duty  to  their  city,  their  State  or  their 
country,  by  direct  service  or  by  direct  votes,  just  so  long 
will  these  duties  be  exercised  by  the  inferior  men,  and 
the  best  men  must  suffer.  Nature  pardons  no  blunders. 
Whether  they  arise  from  accident,  design  or  neglect,  their 
consequence  follows.  The  question  of  the  railways  is  a 
question  of  business.  vSo  far  as  I  can  see  they  do  as  every 
one  else  does,  but  their  action  is  further  reaching,  touches 
more  people  and  is  therefore  more  felt. 
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Some  of  you  may  ask,  What  bearing  has  this  discussion 
of  railway  matters  on  the  question  of  Philadelphia  as  a  sea- 
port? Simply  this,  that  if  a  city  cannot  get  goods  from  the 
interior  to  send  away  by  sea,  or  cannot  ship  inland  what 
comes  by  sea,  of  what  use  to  create  the  port  unless  it  be 
proposed  to  deal  mainly  with  foreign  ports?  There  is  the 
whole  matter.  As  I  said  before,  a  city  is  a  transformer  or  a 
transhipper,  or  both.  Under  existing  circumstances  Phila- 
delphia is  not  a  great  transhipper.  She  is  a  great  trans- 
former. Her  true  position  is  the  same  as  that  of  Manchester, 
to  collect  materials  from  all  parts  of  the  world,  to  transform 
them,  and  then  to  distribute  the  finished  product  back  to 
the  world.  If  she  cannot  compete  on  equal  terms  with 
other  places  for  the  trade  of  the  country,  she  can  so  compete 
for  the  trade  of  the  world,  because  the  ocean  is  free  to  all. 

Now  what  should  be  done  to  make  Philadelphia  the  port 
which,  by  her  population  and  the  capital  embarked  in  her 
many  enterprises,  she  might  and  ought  to  be?  The  answers 
are  numerous  and  depend  on  the  points  of  view  and  modes  of 
thought  of  the  writers.  It  may  be  said,  however,  that  it  is 
an  exceedingly  simple  matter  to  evolve  a  plan.  Vou  may 
,  have  heard  the  story  of  the  way  in  which  an  Englishman,  a 
Frenchman  and  a  Cjcrman  would  go  to  work  if  each  were 
called  on  to  contribute  a  chapter  in  natural  history  on  the 
lion.  The  Englishman,  it  is  said,  would  shoulder  his  rifle 
and  start  for  Africa,  and  hunt  the  lion  on  his  own  ground 
while  studying  his  habits.  The  Frenchman  would  stroll 
over  to  the  zoological  garden  and  there  study  the  animal  as 
he  walked  about  or  lay  quiet  in  his  cage.  The  German 
would  shut  himself  up  in  his  room,  light  his  pipe,  and  evolve 
a  lion  out  of  his  inner  consciousness  and  a  cloud  of  smoke. 

Many  of  the  persons  who  have  ideas  in  matters  of  this 
sort  work  on  the  German's  plan.  They  shut  them.selves  up 
in  their  rooms  or  offices  and  proceed  to  elaborate  a  system 
which  is  in  itself  nearly  perfection,  but  they  take  no 
account  of  the  many  failing  ca.scs  which  must  present  them- 
selves. They  lose  sight  of  the  condition  of  the  water  front, 
the  way  it  is  divided  up  among  very  many  holders,  some  of 
it  belonging  to    individuals   living,  some  of    it  to  estates  I 
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some  of  it  tied  up  with  conditions  in  the  original  Penn 
Charter;  some  by  conditions  made  by  persons  of  recent 
date.  Everv  plan  proposed  is  met,  too,  by  selfishness  on 
the  part  of  some  one  or  other,  who  takes  advantage  of  every 
chance  to  oppose  what  does  not  coincide  with  his  pet 
scheme. 

Aly  own  ideas  on  this  subject,  which  I  shall  present  to 
you,  are  probably  as  crude  and  open  to  as  many  objections 
as  those  of  any  who  have  presented  their  views. 

The  first  step  to  be  taken  is  to  have  it  clearly  understood 
that  **  man  does  not  live  by  bread  alone  ;"  in  other  words, 
that  a  city  cannot  live  by  manufactures  only.  Of  what  use 
is  it  to  convert  tons  of  iron  or  wool  or  cords  of  wood  into 
articles  for  the  use  of  mankind,  if  these  articles  be  kept 
locked  up  in  warehouses?  Who  would  gain  by  such  an 
operation  ?  Trade  is  an  essential  accompaniment — it  might 
almost  be  called  an  essential  element — of  manufacture.  The 
finished  product  must  be  removed  and  more  raw  material 
must  be  brought  in  to  take  the  place  of  what  has  been 
worked  up.  The  mind  of  this  city  has  been  devoted  too 
exclusively  to  mere  manufacturing  ;  it  has  not  sufficiently 
thought  on  the  trading  feature.  Trade  seeks  the  cheapest 
routes  for  shipments.  These  routes  are  by  water,  and  ship- 
ments by  water  require  a  port.  The  manufacturers  must 
be  made  to  understand  that  a  first-class  port  is  as  essential 
to  their  business  as  is  first-class  machinery.  The  cheaper 
the  transportation  the  cheaper  the  raw  materials  here,  and 
the  finished  article  there.  All  else  being  equal  is,  of  course, 
understood.  So  the  first  thing  is  to  direct  public  sentiment 
to  the  necessity  of  having  a  fine  port. 

The  second  step  is  to  have  the  means  of  legally  over- 
coming the  obstacles  which  now  exist  to  carrying  out  any 
project.  Here  the  Legislature  of  the  State  must  step  in  and 
exercise  its  right  of  eminent  domain  or  confer  it  on  the  city. 
The  laws  for  acquiring  property  for  public  use  are  suffi- 
ciently strong  to  make  this  a  simple  matter.  It  will  take 
time  and  doubtless  much  litigation,  but  the  principles  are 
simple.  Even  when  they  must  be  beaten  in  the  long  run,  the 
selfishness   and  cupidity  of  people  will  lead  them  to  oppose 
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all  improvements  in  every  possible  way  and  by  every  pos- 
sible crook.  Naturally  there  must  be  some  body  appointed 
to  represent  the  State  or  the  city  as  the  case  may  be, 
and  this  body  will  be  doubtless  somewhat  on  the  same  plan 
as  the  Department  of  Docks  of  New  York,  but  it  should  not 
be  subject  to  the  whims  of  some  other  body,  which  knows 
nothing-  of  its  matters  and  which  may  merely  wish  to  exer- 
cise a  little  arbitrary  authority  to  show  its  power,  without 
regard  to  the  injury  done  to  the  work.  But  the  organiza- 
tion of  such  a  body  cannot  be  made  in  a  day,  and  will  require 
much  care  and  thought  in  elaborating  its  composition  and 
its  duties. 

After  the  body  to  carry  on  the  work  has  been  appointed, 
its  first  duty  will  be  to  prepare  a  plan  for  the  improvement. 
This  plan  will  probably  consist  of  a  bulkhead  wall  running 
along  the  side  of  the  river,  and  piers  built  out  perpendicular 
thereto.  Circulating  space  must  be  had  from  pier  to  pier 
and  from  the  piers  to  the  city,  so  that  teams  and  cars  may 
move  freely,  and  this  involves  the  widening  of  Delaware 
Avenue. 

In  all  the  articles  and  interviews  which  I  have  read  in  the 
daily  papers,  on  the  subject  of  making  Philadelphia  a  greater 
port  than  it  is  now,  there  is  one  idea  constantly  advanced 
which  seems  to  me  vicious  to  the  last  degree.  P2very  one 
admits  that  there  should  be  a  broad  street  along  the  bulk- 
head so  that  there  may  be  room  for  drays  and  teams,  and 
also  for  railway  circulation.  One  element  of  successful 
work  is  space.  Where  space  is  lacking  a  jam  is  going  to 
e.xist  from  time  to  time.  A  jam  means  lo.ss  of  time  and 
temper.  Loss  of  time  is  translated  by  loss  of  money,  and 
loss  of  temper  by  useless  wear  of  the  physical  and  nervous 
systems.     A  broad  street  is  absolutely  necessary. 

The  one  way  mentioned  for  widening  the  street  is  that  of 
placing  the  bulkhead  line  further  out  in  the  river.  This 
idea,  to  my  mind,  is  bad.  Water  is  the  life  of  a  seaport,  and 
without  water  it  cannot  e.xist.  Space  is  needed  for  free  cir- 
culation in  the  river  as  well  as  onshore,  but  space  has  never 
in  this  world  been  had  by  contraction  or  subtraction. 
Furthermore  wu  must  bear  in    mind   that   the    tendencv  of 
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ships  is  to  greater  size,  and  greater  size  will  require  more 
room  for  handling.  This  shows  us  that  the  experiment  of 
trenching  on  the  waterway  may  be  dangerous  and  full  of 
disadvantages.  The  widening  of  the  street  can  be  far  better 
made  on  the  side  opposite  the  river.  It  would  be  to  my  mind 
a  better  solution  to  remove  everything  from  the  river  to  the 
west  side  of  Front  Street  I  know  full  well  that  this  is  going 
to  raise  a  storm  of  opposition,  and  at  once  the  cry  of  the 
great  cost  of  such  a  proceedure  will  be  heard. 

Between  1881  and  1884,  the  city  of  Antwerp,  in  Belgium,, 
having  at  that  time  a  population  of  195,000,  did  not  hesitate 
to  expropriate  630  different  buildings.  During  a  visit  to 
that  city  in  the  spring  of  1884,  I  saw  some  of  the  houses 
which  were  to  be  removed,  and  they  were  far  better  than 
anything  which  I  have  seen  along  the  river  front  of  Phila- 
delphia, the  sugar  refineries  excepted,  and  I  was  informed 
by  the  assistant  engineer  that  they  were  fairly  representa- 
tive of  what  had  gone  before. 

The  difference  between  the  foreign  and  American 
methods  is  well  seen  in  this.  Here  cheapness  in  first  cost 
generally  rules  in  the  beginning,  with  endless  inconvenience 
later  on ;  there  the  question  is  studied  carefully,  the  best 
course  is  adopted  and  the  work  is  carried  forward  con- 
sistently on  that  line.  There  is  no  reason  why  we  should 
not  adopt  a  foreign  idea  if  it  be  a  good  one.  All  the 
wisdom  of  the  world  is  not  sheltered  by  the  wings  of  the 
American  Eagle.  Other  nations  have  done  and  are  still 
doing  work  which  we  may  study  with  profit. 

Have  a  care  that  no  mistake  be  made.  The  city  can 
spread  out  into  the  country,  it  does  not  need  the  river,  but 
your  commerce  needs  all  of  the  river  which  is  to  be  had. 
Preserve  the  river  and,  if  it  be  necessary  to  do  so,  tear 
down  twice  or  three  times  630  houses.  The  city  can  well 
afford  the  first  cost,  and  the  result  you  may  be  sure  will 
justify  the  deed.  Again,  all  this  need  not  be  paid  for  at 
once.  As  the  buildings  are  taken  one  at  a  time,  their 
appraised  value  can  be  paid,  and  coming  a  little  at  a  time, 
the  cost  will  not  be  felt. 

And  here  let  me  call  your  attention  to  a  future  danger. 
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I  learn  that  the  Pennsylvania  Railroad  is  already  trying  to 
mortgage  the  future,  and  obtain  possession  of  Delaware 
Avenue  so  soon  as  it  can  and  lay  its  tracks  to  the  exclusion 
of  all  coiners,  the  city  included.  Tracks  on  Delaware 
Avenue  are  an  essential  feature  of  any  improvement,  but 
they  should  belong  to  the  city  and  be  controlled  and 
administered  by  the  city,  or  by  the  body  in  which  the  care 
and  management  of  the  wharf  system  are  invested  by  the 
Legislature.     This  serv^ice  must  be  absolutely  impartial. 

In  referring  thus  to  the  Pennsylvania,  I  am  moved  by  no 
idea  of  hostility  to  that  road.  I  merely  wish  to  state 
emphatically  that  the  management  of  the  pier  service 
should  be  absolutely  impartial  and  should  be  kept  out  of 
the  hands  of  any  railroad  company  whatever. 

The  question  of  money  will  have  to  be  carefully  con- 
sidered. But  here  comes  in  that  which  is  to  me  a  curious 
feature  of  the  American  character.  In  talking  with  some 
persons  on  this  subject,  the  great  cost  of  such  an  under- 
taking as  the  improvement  of  the  front,  the  removal  of 
buildings,  equipment  of  quays  and  piers  with  proper 
machinery,  has  been  mentioned  as  militating  against  it. 
It  would  undoubtedly  be  a  tremendous  thing  to  think  of 
spending  S-0,ooo,ooo,  for  example,  in  a  month  or  a  year,  and 
in  considering  the  subject,  they  seem  only  to  see  the  expen- 
diture of  that  amount  in  one  block  to  be  made  to-morrow 
or  next  day.  The  principle  on  which  the  work  is  done  is 
the  same  as  that  on  which  a  man  buys  his  house  from  a 
building  society.  If  you  call  on  a  man  having  a  yearly 
wage  of  $1,200  to  pay  S2,ooo  ca.sh  down  for  a  house,  you 
scare  him  off,  but  if  you  give  him  a  long  period  in  which  to 
make  his  payments,  a  little  every  month,  in  time  he  has  his 
house  without  incurring  any  hardship.  So,  for  the  city  to 
pay  out  (say)  $20,000,000  in  one  year  winild  be  tremendou*;. 
but  spread  this  over  ten  years  and  it  reduces  to  $2,000,000 
a  year,  or  over  twenty  years,  and  it  comes  down  to  only 
$1,000,000.  Then,  too,  the  income  from  such  works  is 
apparently  great.  Witness  the  Clyde  and  Tyne  improve- 
ments, where  the  income  has  been  from  fifty  to  sixty  per 
cent,  on   the  outlay.     The    method   of  raising  the  funds   I 
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shall  not  discuss,  as  that  is  properly  the  work  of  trained 
financiers. 

After  the  plan  of  the  work  has  been  adopted  and  the 
means  of  raising  the  necessary  funds  provided,  the  execu- 
tion must  be  begun  and  carried  forward  along  the  approved 
plan.  To  be  sure  there  will  come  up  slight  changes  in 
details  from  time  to  time,  but  there  must  be  no  radical 
departure  from  what  has  been  approved. 

Changes  of  this  sort  are  provided  for  in  the  New  York 
laws,  but  I  think  that  the  approval  of  the  Commissioners  of 
the  Sinking  Fund  is  bad.  If  approval  must  be  had  it  would 
better  be  from  an  advisory  commission  of  citizens  interested 
in  the  commerce  of  the  port  and  m  the  navigation  of  the 
river,  as  they  would  appreciate  the  wisdom  of  a  change  of 
detail  far  better  than  could  a  commission  composed  probably 
of  politicians. 

In  the  execution  of  this  or  any  similar  piece  of  public 
work,  it  is  absolutely  necessary  that  the  charge  of  it  be  given 
to  a  man  of  education  and  broad  experience.  The  Archduke 
Charles  of  Austria,  one  of  the  great  writers  on  the  art  of 
war,  says :  ''  A  man  can  become  a  great  captain  only  by 
passionate  and  unremitting  study  and  long  experience. 
What  one  man  has  seen  by  himself,  does  not  suffice,  for 
what  life  of  man  is  fruitful  enough  in  events  to  give  uni- 
versal experience  ?  And  who  is  the  man  that  can  have  the 
opportunity  oi  first  practising  the  difficult  art  of  the  General 
before  holding  that  important  office?  It  is  by  adding  to 
one's  own  stores  of  knowledge  the  information  of  others, 
by  weighing  the  conclusions  of  one's  predecessors  and  by 
taking,  as  a  term  of  comparison,  the  military  exploits  and 
the  events  great  with  results  which  the  history  of  war  gives 
us,  that  one  can  become  skilful  in  war."  By  changing  very 
few  words  what  is  here  said  applies  with  equal  force  to  the 
engineer.  He  must  have  knowledge,  he  must  have  experi- 
ence.    What  others  have  done  he  must  have  made  his  own. 

One  great  trouble  of  our  American  people  has  been,  until 
within  very  few  years,  the  desire  for  the  so-called  practical 
man ;  in  other  words,  for  the  man  whose  knowledge  is 
bounded  by  the  extent  of  his  own  work.     Educated  in  many 


April,  1892.1  Pliiladelphia  as  a   Seaport.  285 

cases  by  men  as  ignorant  as  himself,  he  thinks  that  the  sum 
of  human  wisdom  in  his  particular  line  is  in  his  own  posses- 
sion. Wherein  the  deeds  of  others  differ  from  his  modes, 
therein  are  they  wrong.  By  such  men,  alas  I  is  almost  everv 
profession  in  this  countr^^  overrun,  and  this  is  true  of 
engineering  in  probably  a  greater  degree  than  any  other. 
Men  who  do  not  even  know  how  to  set  up  a  transit  or  a  level 
properly,  call  themselves  engineers  and  hold  themselves 
ready  to  deliver  an  opinion,  at  five  minutes'  notice,  on  sub- 
jects to  which  great  minds  have  given  years  of  toil.  From 
this  condition  we  are  gradually  emerging.  The  manv 
excellent  special  schools  throughout  the  country,  the  various 
engineering  reviews  and  periodicals,  show  that  the  demand 
for  educated  men  is  on  the  increase  and  that  the  people 
begin  to  appreciate  that  only  good  tools  do  good  work. 

After  the  engineer  has  completed  his  studies  and  pre- 
pared his  plans  for  the  execution  of  the  work,  it  maybe  well 
as  an  act  of  prudence  to  submit  them  to  a  commission  of 
experts,  in  order  to  have  the  assurance  that  nothing  has 
been  overlooked.  As  a  rule,  I  do  not  believe  in  commissions. 
It  stands  to  reason  that  no  body  of  men  can  gain,  in  a  few 
hours  or  days,  the  knowledge  which  has  been  acquired  by 
the  one  man  who  has  devoted  months  and  even  years  to  his 
special  work.  A  commission  generally  ends  in  one  of  two 
ways  :  (i)  The  individual  work  and  force  of  one  member  may 
dominate  the  whole  body,  in  which  case  the  report  is  that 
of  one  man  ;  or  (2)  if  all  be  men  of  a  certain  degree  of  force, 
or  one  or  two  of  them  of  a  certain  degree  of  obstinacv,  the 
report  is  a  compromise  and  is  of  small  value.  No  two  men 
ever  looked  at  the  same  picture  with  exactly  the  same  light 
at  the  same  time.  One  point  seems  essential  to  one  man  ; 
another  to  the  second,  and  so  on. 

Of  one  thing  those  who  have  the  work  in  charge  may 
be  sure.  No  matter  what  plan  may  be  adopted  there 
will  be  plenty  of  condemnation  and  plenty  of  suggestion^ 
The  condemnation  will  come  mainly  from  selfishness,  nnd 
the  suggestions  from  ignorance.  It  is  impossible  to  satisfy 
every  one.  Our  friends  of  the  press  frequently  do  much 
unintentional  damage  to  matters  of   this  sort  by  publish 
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ing  as  valuable  the  opinions  of  persons  who  have  not 
the  knowledge  necessary  to  give  an  intelligent  opinion. 
For  example,  suppose  the  case  of  a  reporter  asking'  a 
lawyer  or  a  merchant  his  opinion,  of  some  special  engineer- 
ing feature  of  the  plan  which  may  be  adopted  for  the 
improvement  of  the  harbor  facilities.  What  would  their 
opinion  be  worth  ?  Just  about  as  much  as  that  of  an 
engineer  on  some  technical  point  of  bank  management. 
The  lawyer  and  the  merchant,  assuming  them  to  be  intelli- 
gent men,  are  of  the  class  to  consider  the  business  bearings 
of  such  a  scheme.  They  throw  valuable  light  while  the 
question  of  to  do  or  not  to  do  is  under  discussion,  but  that 
stage  once  reached  their  function  ceases  and  the  matter 
passes  into  the  hands  of  the.  engineer,  because  the  doing  of 
the  work  involves  technical  questions  which  the  technical 
expert  alone  understands.  Just  as  when  it  is  a  question  of  a 
suit  in  court ;  the  laity  may  say  whether  or  not  the  suit  be 
advisable,  but  once  in  court  it  must  be  left  in  the  hands  of 
the  lawyer,  the  expert. 

Another  class  of  men  from  whom  trouble  is  to  be  expected 
is  a  certain  sort  of  scientific  men  who  are  students  only, 
men  who  have  had  charge  of  no  work,  who  have  the  theory 
of  their  profession  at  hand,  but  who,  for  lack  of  practical 
experience  or  disposition,  cannot  adapt  themselves  to  cir- 
cumstances. Principles  in  any  science  are  few  ;  in .  their 
application  is  difficulty.  The  student  generally  knows  what 
is  best,  but  he  lacks  resource  in  makeshifts  when  the  best 
is  not  at  hand.  Men  of  this  sort  are  invaluable  in  their 
way,  which  is  to  take  work  done  and  dissect  it,  point  out 
wherein  lies  departure  from  principles  and  where  principles 
have  not  been  well  applied.  But  the  acceptance  of  their 
suggestions  must  be  greatly  governed  by  circumstances. 
Every  science  owes  a  large  debt  to  the  many  earnest  men 
of  this  stamp  for  whom  one  can  have  no  other  feeling  than 
that  of  respect,  even  if  he  cannot  always  uphold  their 
judgment. 

The  method  of  organizing  and  doing  a  work  of  so  great 
magnitude  as  the  improvement  of  the  water  front  of  Phila- 
delphia is  one  which  needs  careful  thought.     One  obstacle, 
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in  fact  it  would  be  better  to  say  two  obstacles,  stand  in  the 
way  of  carrying"  on  public  improvements  successfully  and 
economically.  The  first  is  that  most  false  idea  that  every 
piece  of  public  work,  whether  of  the  general  government,  of 
the  State  or  of  the  city,  must  be  run  to  the  advantage  of  the 
party  in  power.  If  the  administration  be  Democratic  the 
work  is  to  be  used  for  Democratic  needs,  or  if  Republican 
no  Democrats  need  apply.  Look  at  every  sort  of  govern- 
ment in  the  countr}',  and  what  do  you  see  ?  Every  office  is 
for  the  reward  of  party  service  so  far  as  the  party  in  power 
for  the  time  being  can  carry  out  the  idea.  But  pray  what 
has  protection  or  free  trade,  or  the  passage  or  non-passage 
of  a  Federal  election  bill  to  do  with  laying  out  a  proper  line 
for  a  bulkhead,  or  for  putting  a  stone  truly  and  solidly  in  a 
wall  ?  For  the  first  are  needed  men  of  ability  to  grasp  the 
situation,  and  for  the  second  men  of  experience  in  spreading 
a  bed  of  mortar  and  setting  the  stone  thereon.  Now  will 
any  one  say,  and  so  saying,  does  he  really  believe  that 
because  a  Republican  administration  happens  to  be  in  office 
in  Washington,  a  proper  selection  of  the  bulkhead  line  or 
the  true  setting  of  a  stone  can  only  be  had  by  means  of  a 
high  protective  tariff,  or  that  because  the  administration  is 
Democratic  the  same  operations  can  only  be  performed 
under  the  influence  of  a  reduction  in  the  tariff.^  Naturally, 
the  idea  is  absurd. 

The  second  obstacle  is  that  men  of  influence  in  the  com- 
munity, of  broad  views,  of  successful  administration  of 
large  business  affairs,  will  not  take  part  in  a  work  of  this 
sort. 

Why  this  is  so  I  do  not  understand.  In  times  of  war  or  of 
other  great  public  commotion  these  same  men  stand  ready 
to  drop  everything  to  go  forth  to  battle,  and  even  to  die  for 
the  cause  which  they  have  at  heart.  In  times  of  peace  no 
inducement  is  sufficient  to  make  them  act  for  the  public 
good,  if  it  involve  any  sacrifice  of  time  or  money,  unless 
indeed  the  loss  be  made  up  by  some  other  consideration. 

So  long  as  great  matters  like  building  quays  and  piers 
are  to  be  left  to  politicians,  the  people  do  not  care  to  have 
their  money  spent  for  so-called  public  improvements.     Thov 
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feel  that  what  is   done  represents  but  a  small  part  of  the 
total  outlay. 

The  American  is  patient  and  long  suffering;  he  is  also 
very  intelligent  and  wide-awake.  After  beginning  a  piece 
of  work  which  he  is  determined  to  finish,  he  may  allow 
double  or  even  treble  prices  to  be  paid  once,  but  when  he 
finds  how  money  has  been  squandered  on  one  piece  of  work,, 
he  does  not  care  to  give  an  opportunity  of  the  same  sort 
again.  If  it  were  suggested  that  a  great  improvement  like 
that  of  the  water  front  of  Philadelphia  should  be  undertaken 
by  the  city  government,  I  should  not  be  surprised  to  see  the 
whole  population  in  arms  against  the  proposal.  Why  ?  Seek, 
the  answer  in  the  City  Hall. 

Whoever  may  be  the  men  charged  with  carrying  out  this 
great  work,  they  may  be  sure  that  if  they  seek  honestly  ta 
do  their  duty  as  it  should  be  done,  their  place  will  be  no 
sinecure.  They  will  be  roundly  abused  by  every  man  who 
has  an  axe  to  grind  ;  they  will  be  accused  of  every  thought 
except  the  one  of  single-minded  acting  in  the  interest  of  the 
people  ;  charges  will  be  made  against  the  honesty  of  their 
administration ;  *'  cranks  "  of  every  kind  will  haunt  them, 
and  selfishness  and  greed  will  pursue  them  in  all  sorts  of 
shapes  at  every  turn.  Their  days  will  be  a  burden,  and  their 
nights  will  be  without  rest.  But  through  it  all  will  shine  a 
bright  guiding  star,  the  thought  that  the  result  of  their 
labors  will  abundantly  justify  their  struggles.  Rome  was 
not  built  in  a  day,  and  no  great  work  ever  came  from 
a  small  idea.  To  make  the  port  what  it  should  be  is  the 
work  of  years,  and  to  be  worthy  of  the  city  it  must  be  con- 
ceived on  a  grand  scale. 
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A  COMPUTATION  ok  JOULE'S  EQUIVALENT. 


By  R.  H.  Thurston. 


Some  years  ago,  the  late  Dr.  Pliny  E.  Chase,  then  of 
Haverford  College,  published  in  the  Journal  of  tJie  Frank- 
lin Institute  a  series  of  articles  of  singular  interest,  and  of 
curious  result,  often  in  which  he  traced  what  he  called 
certain  harmonies  of  nature,  exhibiting  some  strangely 
related  or  oddly  coincident  physical  laws  and  constants,  and 
in  which  he  deduced  a  number  of  remarkable  conclusions. 
He  subsequently  published  a  short  paper,  reprinted  in  the 
Philosophical  Magazine,  in  which  he  showed  some  reason  for 
anticipating  that  it  might  ultimately  prove  that  the  value 
of  ;-,  the  ratio  of  specific  heats  of  gases,  is  simply  the  numer- 
ical quantity 

I  -f   -1   ="  1-405285 

{Phil.  Mag.,  1885,  p.  520.) 

It  occurred  to  the  writer  to  compute  the  value  of  /,  the 
mechanical  equivalent  of  heat,  from  this  assumed  value  of 
•f.  Taking  the  best  values  of  constants  determined  by  Reg- 
nault,  referring  all  quantities  to  the  air  thermometer,  and 
taking  air  as  the  gas  to  which  the  constants  so  selected 
should  appertain. 

From  the  well-known  equations  deduced  by  both  Rankine 
and  Clausius,  we  have  the  equality, 

r  C    —  R  —  til^ 

^  o 

or  the  difference  between  the  two  specific  heats  is  constant, 
a  fact  first  pointed  out   by  Carnot,  and  later  proved  by  the 
modern  methods  of  thermodynamics  by  the  founders  of  that 
science. 
Since  we  take 

c 
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we  have 

and  takino;  as  Reg-nault's  most  probable  values  of  (T  and 
of  R,  in  British  measure,  53*37  and  0'2375,  we  have 

1-405285       Sni  =.778-12 
•405285      0-2375 

in  foot-pounds,  or  427  kilogrammetres  per  calorie.  This 
corresponds  to  about  775  on  the  mercurial  thermometer, 
falls  within  about  one-eighth  of  one  per  cent,  of  the  value 
assigned  to  /,  by  the  British  Association  Committee  of  1876, 
and  is  somewhat  lower  than  the  figures  obtained  at  the  tem- 
perature of  maximum  density  of  water  by  Rowland  in  i88o- 
This  determination  would  seem  to  lend  some  color  of  prob- 
ability to  the  conjecture — for  it  seems  to  have  been  little 
more — of  Dr.  Chase.  In  further,  and  perhaps  more  satis- 
factory, confirmation  of  this,  as  at  least  a  closely  approxi- 
mate value,  as  have  the  work  of  Dr.  Rontgen,  who,  in  1872, 
obtained  y  =  1*4053,  as  a  mean  of  ten  best  observations. 
{Pogg.  A?ifi.,  1873,  s.  580.)  The  probably  most  uncertain 
datum  involved  in  this  computation  is  the  value  of  R ;  but 
it  is  probable  that  all  these  figures  are  very  accurate  and 
the  computed  value  of  /  must  be  correspondingly  so. 
Further  examination  of  the  value  of  R,  which  involves 
the  location  of  the  absolute  zero,  is  desirable,  however. 
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[Stated  meeting  held   Tuesday,  March  /j,  iSg2.~\ 

Hall  of  the  Franklin  Institute, 
Philadelphla,  March  15,  1892. 
Dr.  W.  H.  Wahl,  President,  in  the  chair. 

Ur  Wahl  called  attention  to  a  number  of  bills  for  subscriptions  to  jour- 
nals, the  contraction  of  which  had  already  been  authorized.  On  motion, 
the  Treasurer  was  instructed  to  pay  them. 

Dr.  S.  C.  Hooker  read  a  very  interesting  paper  on  derivatives  of  lapachic 
acid.  Dr.  Hooker  included  in  his  paper  a  resume  of  some  of  the  more 
important  results  obtained  by  him  during  the  past  two  years  and  also  con- 
trasted the  views  entertained  by  E.  Paterno  and  himself.  The  paper  was 
received  with  marked  attention  and  interest  by  the  members  present.  Speci- 
mens of  the  substances  discussed  were  exhibited.  The  complete  publication 
of  these  results  will  be  deferred  by  the  author  for  some  time. 

The  section  then  adjourned.  \Vm.  C.  Day,  Secretary. 


NOTES  ON  IRON  in  BONE-BLACK, 


Bv  Dr.  Bruno  Terne. 


The  freshly-prepared  bone-black  of  the  market  yields  on 
an  average  from  O'l  to  0'3  per  cent,  of  iron  in  the  form  of 
metallic  iron,  originating  principally  from  iron  mixed  with 
the  bones  gathered  up  by  the  junk  dealers,  another  portion 
coming  from  the  wear  and  tear  of  the  bone  crushers  and 
mills,  and  a  very  little  from  the  iron  v^essels  used  in  burning 
the  bones. 

Having  been  in  charge  for  the  last  fifteen  years  of  one  of 
the  largest  plants  for  manufacturing  bone-black,  I  had 
never  experienced  any  trouble  with  our  product,  on  account 
of  the  iron,  until  several  months  ago,  when  one  of  our 
patrons  complained  of  an  excess  of  iron  in  our  black,  which, 
according  to  his  investigation,  had  run  up  in  one  instance 
to  one-half  of  one  per  cent. 
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This  complaint  was  coupled  with  the  assertion  that  an 
increase  of  0*25  per  cent,  of  iron  above  the  average  would 
materially  impair  the  process  of  refining  sugar. 

This  charge  coming  from  a  source  commanding  serious 
consideration,  caused  us  to  look  into  this  matter  thoroughly, 
but  an  examination  of  the  literature  of  sugar  refining,  cover- 
ing a  period  commencing  with  1872  {Wagners  Jahres- 
bcrichtc)  up  to  date,  failed  to  disclose  a  single  case  in  cor- 
roboration of  the  above-cited  assertion. 

The  more  I  thought  over  the  matter  the  more  I  became 
convinced  that  the  complaint  made  against  our  black,  that 
it  impaired  the  work  of  refining  sugar  liquors,  was  merely  a 
convenient  pretext  to  shield  some  irregularities  in  the  pro- 
cess of  refining,  which  otherwise  would  have  to  be  shoul- 
dered at  home.  We  all  know  that  organic  acids  will  dis- 
solve iron,  but  in  refining  sugars  the  liquors  should  be  free 
from  acids  or  at  least  nearly  made  free  by  previous  neutrali- 
zation ;  the  traces  of  free  organic  acids  must  certainly 
all  be  absorbed  by  the  ^ix  to  seven  per  cent,  of  carbonate 
of  lime  contained  in  fresh  bone-black.  The  fact  that  in  dis- 
carded black  the  yield  of  carbonate  of  lime  is  reduced  to 
three  or  four  per  cent.,  and  the  yield  of  iron  considerably 
raised,  demonstrates  clearly  that  fresh  black  operates  to  free 
sugar  liquors  from  iron  as  well  as  other  impurities. 

In  order  to  ascertain  what  effect  a  solution  acidified  with 
organic  acid  would  have  on  the  iron  in  bone-black,  I  pre- 
pared two  solutions  of  citric  acid  containing  respectively 
O'l  per  cent,  and  0*25  per  cent,  of  free  acid. 

The  acidity  of  these  solutions  is  so  great  that  no  sugar 
liquor  entering  filters  will  ever  approach  it  in  acidity. 

I  selected  a  black  which  had  given  by  analysis  a  yield  of 
o*5  per  cent,  of  iron,  and  made  the  following  experiments: 


Per  Cent 

{a)  5  gram 

mes  of  black  with  500  cc.  citric 

acid  sol 

ution  of  . 

01 

{b)  10 

<<                               ((                                    •!                                      I< 

<( 

OT 

(0  5 

l<                                It                                    <l                                      << 

<< 

0-25 

{d)  10 

<l                                <<                                     f <                                      << 

If 

0-25 

I  exposed  the  four  flasks  on  the  top  of  a  steam  heater  for 
twenty-four  hours  to  a  temperature  of  150°  to  160°  F.,  after 
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which  I  tested  the  still  acid  solution  for  iron  with  potassium 
sulphocyanide  and  potassium  ferridcyanide,  but  no  trace  of 
iron  could  be  found  in  the  solution. 

Not  satisfied  with  this  I  kept  the  flask  for  eig^hteen  hours 
on  a  steam-bath  at  a  temperature  of  200°  to  212°  F.;  the 
results  of  the  two  experiments  were  absolutely  the  same. 

To  operate  on  a  sample  of  black  large  enough  to  place 
the  result  of  the  experiment  beyond  any  doubt,  I  took  250 
grammes  of  the  same  black  yielding  one-half  percent,  of  iron 
and  treated  the  same  with  two  litres  of  citric  acid  solution 
containing  0-25  per  cent,  free  citric  acid,  for  twenty-four 
hours  on  the  steam-bath  at  nearly  212°  F. 

At  the  end  of  this  time  the  acidity  of  the  solution  had 
completely  disappeared  and  the  absolutely  neutral  solution 
showed  not  a  trace  of  iron  with  the  most  sensitive  reagents 
(potassium  sulphocyanide  and  potassium  ferridcyanide). 

I  went  still  a  step  further  and  prepared  a  solution  of  iron 
in  citric  acid,  200  cc.  of  which  contained  vox  grammes  of 
iron.  I  took  100  cc.  and  diluted  to  500  cc;  I  mixed  the  dark- 
yellow  solution  in  a  flask  with  500  grammes  of  fresh  regular 
sugar-house  black,  boiled  up  for  thirty  minutes,  filtered  and 
obtained  a  perfectly  limpid  solution  which  contained  not  a 
trace  of  iron. 

This  experiment  proved  to  my  own  satisfaction  that  an 
accidental  excess  of  0*25  per  cent,  of  iron  in  fresh  black 
could  not  be  charged  with  creating  irregularities  in  the 
process  of  refining  sugar  liquors.  But  not  being  an  expert 
in  sugar  refining  I  submitted  this  problem  with  the  above 
results  of  my  own  researches  to  my  friend,  Dr.  Arno  Hchr, 
n(jw  Secretary  and  Treasurer  of  the  Chicago  Sugar  Refining 
Company,  an  acknowledged  expert  in  this  branch  of  chem- 
ical industry  at  home  and  abroad.  I  submit  herewith  an 
abstract  of  his  letter: 

CnicwGC),  January  4,  1892. 
Mv  I  )K\k  Dk.Tkk.m:  :  '    *    **  Iron  is  a  very  objection- 

able substance  to  have  in  filtered  sugar  solutions,  because 
the  refined  soft  sugars  which  are  produced  from  such  .solu- 
tions take  on  a  more  or  less  gray  appearance,  which  reduces 
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their  value  considerably  compared  with  others,  which  are 
free  from  iron  and  of  a  bright  yellow  color. 

"Colonial  raw  sugfars  contain  sometimes  a  considerable 
amount  of  iron,  and  in  the  absence  of  good  chemical 
methods  for  the  removal  of  this  iron  from  the  unfiltered 
liquor,  the  refiner  relies  on  the  bone-black  to  absorb  it. 

**  In  some  refineries  the  sugar  solutions  enter  the  black 
practically  neutral,  in  others  they  are  left  a  little  acid,  but 
this  is  of  no  consequence,  for  you  have  found  yourself  that 
new  black  will  absorb  the  iron  even  from  a  strongly  acid 
solution.  Even  old  working  bone-black  contains  enough 
carbonate  of  lime  (three  to  four  per  cent.)  to  neutralize  any 
considerable  excess  of  acid.  There  is,  however,  a  consid- 
erable difference  in  the  behavior  of  new  and  old  black. 
Say  you  want  to  filter  lOO  pounds  of  dry  sugar  over  loo 
pounds  of  bone-black.  Say  this  sugar  contains  two  to  three- 
hundredths  of  one  per  cent,  of  FcgOs.  The  solution  will 
come  from  the  new  black  absolutely  free  from  iron,  while 
from  the  old  black  half  of  it  perhaps  will  be  free,  and  the 
other  half  will  contain  it  in  increasing  quantities. 

'*  This  will  happen  with  properly  neutralized  liquor  and 
without  any  fermentation  having  occurred.  Even  if  the 
sugar  solution  enters  the  black  free  from  iron,  towards  the 
end  it  will  come  from  the  old  black  containing  iron. 

''  It  works  this  way  without  any  attempt  having  been 
made  to  wash  the  liquor  out  of  the  black.  As  soon  as  that 
is  done  matters  become  worse.  Even  from  very  good  black 
the  diluted  sugar  solution  carries  away  a  certain  amount 
of  iron. 

"  Now  in  working  it  is  found  that  the  amount  of  iron 
increases  in  the  black  with  its  age,  and  that  in  the  same  pro- 
portion the  amount  of  iron  increases  in  the  liquor.  There 
is  no  way  of  removing  the  iron  once  absorbed  by  the  black, 

"  There  are  three  sources  of  iron  in  the  black : 

(i)  "The  iron  originally  contained  in  the  black. 

(2)  "The  iron  in  the  raw  sugar. 

(3)  "The  iron  taken  up  by  the  liquors  and  the  bone- 
black  in  the  sugar  refining. 

"  The  liquor  has  very  little   chance   to  dissolve  iron,  but 
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the  bone-black  gets  more  or  less  of  it  by  its  passages 
through  the  kilns.  The  iron  in  the  raw  sugar  the  refiner 
has  to  take  and  make  the  best  of,  but  in  the  case  of  the  iron 
in  the  new  black  he  will  naturally  fall  back  on  the  bone- 
black  manufacturer  and  I  do  not  blame  him. 

"  It  is  reasonable  to  expect  that  a  black  with  o*i  per  cent. 
Fe  will  furnish  iron-free  liquors  for  a  longer  time  than  one 
with  0'3  per  cent.  Fe.  Most  of  the  iron  in  new  bone-black 
is  in  the  metallic  state  and  can  be  removed  by  running  the 
crushed  black  over  a  magnetic  separator. 

**  With  best  regards,  Yours  very  truly, 

"Akno  Behk." 

Certainly  every  one  will  agree  with  my  friend,  Dr.  Behr, 
that  0"i  per  cent,  impurity  of  anything  is  to  be  preferred  to 
0'3  per  cent.;  the  self-interest  of  the  manufacturer  will  com- 
mand the  adoption  of  such  means  as  to  keep  the  percentage 
of  iron  as  low  as  possible. 

In  the  interest  of  manufacturers  of  bone-black  every- 
where, I  thought  it,  however,  of  sufficient  importance  to 
refute  the  theory  that  an  accidental  excess  of  a  fraction  of 
a  per  cent,  over  the  acknowledged  unavoidable  proportion 
of  iron  in  new  black,  could  be  held  accountable  for  any  di.s- 
turbance  in  the  process  of  sugar  refining,  and  to  have  my 
protest  recorded  with  the  section  against  such  a  claim. 

This  point  has  been  fairly  covered  by  my  own  experi- 
ments, and  is  clearly  corroborated  by  the  opinion  of  one  of 
the  most  competent  sugar  chemists  of  this  country. 

Regarding  the  chemical  methods  of  iron  determination 
which  are  far  too  laborious  to  perform  every  day,  I  have 
been  trying  to  find  a  method  which  could  be  carried  on  with 
sufficient  accuracy  without  requiring  previous  chemical 
training. 

I  found  that  a  boy,  with  the  help  of  a  magnet,  could,  In- 
exercising  the  necessary  care,  make  a  determination,  suffi- 
ciently accurate  for  the  daily  control  of  a  bt)ne-black  mill. 

Take  100  grammes  of  the  black  and  spread  it  in  a  thin  layer 
over  a  sheet  of  white  paper,  then  plow  through  it  with  a 
good  magnet  (I  am  using  a  six-inch  horseshoe)  and  it  will  be 
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found  that  most  of  the  iron  will  be  picked  up  at  the  first 
few  passes. 

After  repeating  the  passes  of  the  magnet  in  every 
direction,  carefully  observing  that  no  part  of  the  mass  is 
missed,  in  a  very  few  minutes  all  the  iron  will  have  been 
gathered  on  the  watch  glass  ready  for  weighing.  The 
results  thus  obtained  come  sufficiently  close  to  those 
obtained  by  chemical  test  to  serve  as  a  control  upon  the 
process  of  manufacture,  as  the  following  examples  will 
show  : 

The  followiuGf  tests  have  all  been  made  within  the  last 
four  months : 

By  Chemical  By  Magnetic 

Analysis.     Per  Test.     Per 

Cent.  Iron.  Cent.  Iron. 

October,     1891 0-360  0410 

1891 o*i6o             ^       0*219 

December,  1 89 1, 0*387  0*501 

January,     1892.  . o'loo  0*130 

1892, 0*169  0*213 

1892, • o*o8o  0*107 

1892 0*199  0224 

While  the  magnetic  test  is  invariably  too  high,  it  is  suffi- 
ciently close  to  control  the  work  of  the  black  mills.  The 
adherence  of  particles  of  carbon  to  the  iron  fully  explains 
this  result. 

Regarding  the  chemical  determination  of  iron,  I  con- 
sider a  previous  incineration  of  the  black  necessary,  because 
there  is  a  possibility  that  traces  of  organic  matter  left  in 
the  fresh  black  may  be  mistaken  for  iron  by  the  reduction 
of  the  potassium  permanganate. 
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On  the  use  of  OIL  in  AMMONIA  GAS  COMPRESSORS 

AND  ITS  INFLUENCE  on  the  EFFICIENCY  of  the 

COMPRESSORS.^ 


By  Dr.  Hans  von  Stro.mbeck. 


At  the  suggestion  of  Mr.  Louis  Block,  Chief  Engineer 
of  the  De  La  Vergne  Refrigerating  Machine  Company,  of 
New  York,  I  conducted  a  series  of  experiments  in  the  year 
1887  for  the  purpose  of  determining  the  influence,  which  the 
injection  of  the  oil  into  the  compressor  of  this  company's 
machine  has  on  the  efficiency  of  the  gas  pump.  There  had 
been  considerable  controversy  on  this  point,  and  it  was  with 
the  view  of  settling  finally  this  question  of  dispute  that  a 
sufficient  number  of  carefully  conducted  tests  under  varying 
conditions  of  pressure  and  temperature  were  made.  The 
results  of  my  investigations  are  laid  down  in  the  following 
treatise,  accompanied  by  a  number  of  tables  and  curves, 
which  will  fully  illustrate  the  matter. 

In  the  old  form  of  the  De  La  Vergne  single-acting  com- 
pressor, the  cold  oil  was  drawn  by  a  plunger-pump  from  a 
reservoir  or  tank  (the  low-pressure  or  vacuum  tank),  which 
communicated  by  means  of  a  pipe  with  the  suction  side  of 
the  machine,  thus  maintaining  in  the  tank  a  constant  pres- 
sure equal  to  that  under  which  the  liquid  ammonia  evapo- 
rated in  the  cooling-coils  of  the  system.  The  oil-pump  on 
its  down-stroke  discharged  the  oil  thus  drawn  from  the  low- 
pressure  tank  into  the  gas-compressor,  while  the  piston  of 
the  latter  was  likewise  on  its  down-stroke,  /'.  <*.,  after  the 
compressor  had  taken  its  full  complement  of  gas.  On  the 
up-stroke  of  the  compressor-piston  the  gas  and  oil  were 
discharged  through  the  large  valve  of  the  dome,  the  oil 
following  the  gas  after  the  latter  had  passed  out  of  the 
compres.sor,  both  being  heated  in  consecjuence  of  the  com- 
pression of  the  gas.  Under  the  increased  pressure  of  com- 
pression a  certain  amount  of  ammonia  gas  was  absorlx^d  by 

♦  From  the  Laboratory  of  the  Dc  La  Vergne  Refrifjerating  .Machine  Co. 
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the  oil  present  over  the  piston.  The  oil  thus  charged  with 
gas  and  after  leaving  the  dome  of  the  compressor  was 
dropped  into  a  separator,  the  so-called  pressure  tank,  where 
it  collected  at  the  bottom.  From  here  it  passed  through  an 
oil-cooling  coil  and  was  collected  at  the  bottom  of  the 
before-mentioned  low-pressure  oil  tank,  and  being  there 
exposed  again  to'  the  suction-pressure  of  the  machine,  lost 
the  identical  amount  of  gas  which  it  had  previously  absorbed 
during  the  compression  period  in  the  compressor.  This 
amount  of  gas  passed  off  into  the  suction-pipe  of  the  gas- 
pump  without  doing  any  efficient  cooling  work,  and  there- 
fore represented  a  certain  loss  in  the  efficiency  of  the  com- 
pressor, which  to  ascertain  was  the  object  of  my  experiments. 

To  solve  the  question  it  was  necessary  to  first  make  a 
series  of  tests  as  to  the  amount  of  ammonia,  which  the  oil 
(or  liquid  base  as  it  has  been  termed  by  the  De  La  Vergne 
Company)  could  hold  in  solution  under  different  pressures 
and  temperatures.  Though  it  is  generally  believed  that 
the  quantity  of  gas  absorbed  by  a  liquid  (the  temperature 
remaining  the  same)  is  proportional  to  the  absolute  pre- 
vailing pressure,  it  will  be  seen  at  a  later  place  of  this 
paper,  that  this  law  does  not  hold  good  as  strictly  as  is 
generally  believed.  Therefore,  it  is  always  necessary  to 
ascertain  by  tests,  whether  or  not  a  gas  follows  this  law. 
Thus  the  amount  of  ammonia  which  the  liquid  base  could 
hold  in  solution  under  different  pressures  and  temperatures 
being  known,  and  the  pressure  and  temperature  of  the  oil 
in  the  low-pressure  oil  tank  as  well  as  in  the  high-pressure 
oil  tank  being  likewise  known,  the  amount  of  ammonia 
contained  in  one  charge  of  oil  can  be  found  by  calculation, 
first  when  this  oil  is  injected  into  the  compressor,  and  second 
when  it  leaves  the  compressor.  The  difference  between  the 
two  quantities  of  ammonia  represents  the  loss  during  each 
stroke  of  the  compressor,  and  the  number  of  cubic  inches 
occupied  by  this  ammonia  under  suction-pressure,  and  the 
cubical  contents  of  the  compressor  being  known,  the  ratio 
of  the  two  volumes  will  represent  the  percentage  of  loss. 

To  illustrate  this  by  an  example,  let  us  assume  a  single- 
acting    compressor  of    12  inches  diameter  and   24    inches 
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stroke,  the  contents  of  which  are  equal  to  2,714  cubic  inches. 
It  is  the  practice  of  the  De  La  Vergne  Company  to  inject 
into  this  compressor  thirty-five  cubic  inches  of  liquid  base, 
at  each  down-stroke. 
Now  let  us  assume : 

A  condensing  pressure  of  1467  pounds  absolute,  temperature  150°  F. 
A  back  pressure  of  44  "  "  "  70°  F. 

Accordinj^  to  Table  V: 

Volumez. 
I  volume  of  liquid  base  absorbs  at  1467  lbs.  absolute  pressure  and  i  50°,  1 2*430 
I         •'  '•  "  44    "  ••  "  "      70°.    6-599 

both  volumes  reduced  to  normal  pressure  (i4"67  pounds) 
and  32°  F. 

One  volume  of  oil  therefore  loses,  if  reduced  from  1467 
pounds  and  150°  to  forty-four  pounds  and  70°:  12*430  — 
6*599^  5*^31  volumes  of  ammonia  at  normal  pressure  and 
32^;  and  if  subjected  to  a  pressure  of  forty-four  pounds  and 
a  temperature  of  70°  these  5 '831  volumes  will  occupy  only 
2*09  volumes.  Consequently  the  ammonia  which  is  allowed 
to  escape  out  of  the  thirty-five  cubic  inches  of  oil  injected, 
occupies  73*15  cubic  inches  underpressure  and  temperature 
of  the  suction-side  of  the  compressor ;  and  the  contents  of 
the  latter  being  2,714  cubic  inches,  2*69  per  cent,  is  the  loss 
in  efficiency  of  this  compressor. 

In  the  new  system  of  oil-circulation  in  the  De  La  Vergne 
compressor  even  this  small  item  of  loss  is  entirely  obviated, 
because  the  oil  is  now  injected  under  pressure  into  the  com- 
pressor after  the  same  has  taken  in  its  full  supply  of  gas. 

The  oil  or  liquid  base  u.sed  in  the  De  La  Vergne  machine 
is  a  mineral  oil,  because  all  vegetable  and  animal  oils 
saponify  in  connection  with  ammonia. 

In  distilling  this  oil  in  fractions  the  result  is  as  follows: 

Pitt  Ctnt. 

Volatile  bodies,  distillmg  over  at  464°  to  500°  F.  .    0*5 

500°  to  536°  F  07 

536°  to   572°  F  04 

above     572°  F. 

Non-volatile  residue.  .62 

lOO'O 


;oo 
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The  flashing  point  is  at  380^,  the  congealing  point  at  6°, 
the  specific  heat  is  0*46 18. 


Table    1 

—SHOWING    THE    SPECIFIC    GRAVITIES    OF    LIQUID 
TEMPERATURES  FROM  50°  TO.  280°  F. 

BASE    AT 

Temperature. 

Spec.  Grav. 
0-9115 

Temperature. 

Spec.  Grav. 
0-8B47 

Temperature. 

Spec.  Grav. 

50 

130 

1 

210 

0-8575 

60 

o'9o69 

140 

0-8812 

220 

08538 

70 

0-9057 

150 

0-8778 

230 

0-8501 

80 

0-9037 

160 

0-8744 

240 

08464 

90 

0-8991 

170 

08711 

250 

0-8427 

100 

0-8952 

180 

0*8674 

260 

0-8390 

110 

0-8915 

190 

0-8648 

270 

o"8353 

120 

0-8881 

230 

0-8612 

j           280 

1 

0-8316 

While  perusing  the  literature  on  ammonia,  I  found  some 
data  which  I  think  are  not  as  generally  known  as  they 
ought  to  be  and  which  I,  therefore,  give  in  the  following. 
Determination  of  the  quantities  of  ammonia,  which  are 
absorbed  by  water  at  atmospheric  pressure,  have  been  made 
by  Sims,  Bunsen,  Roscoe  and  Schorlemer  (cf.  Ann.  d.  Clum, 
and  Pharm.  117,  ii  8).  I  give  the  figures  obtained  by  them 
in  Table  II,  a  graphic  representation  in  Fig.  2.  It  will 
be  seen  that  the  figures  obtained  by  these  scientists  differ 
more  or  less  from  one  another,  and  the  rather  surprising 
fact  will  appear  that  even  at  212°  ninety-seven  volumes  of 
ammonia  gas  are  still  absorbed  by  water. 

Determinations  of  the  quantities  of  ammonia  which  are 
absorbed  by  water  at  different  pressures,  have  been  made  by 
wSims  {ibid.).  I  give  the  figures  obtained  by  him  in  Table  III. 
In  Fig.  J,  I  give  a  graphic  representation,  the  full  lines 
showing  how  the  absorption  of  ammonia  by  water  in  reality 
takes  place  according  to  Sims'  tests ;  the  dotted  lines  show- 
ing how  the  absorption  ought  to  take  place  according  to  the 
above-mentioned  law,  if  we  take  the  figures  of  Sims,  Bunsen, 
Roscoe  and  Schorlemer,  respectively,  as  the  true  figures  of 
the  quantities  of  ammonia  absorbed  by  water  at  32°,  68'^, 
104^  and  212^,  respectively,. and  atmospheric  pressure.  It 
will  be  seen  that  the  two  lines  only  coincide  at  212^,  at  the 
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lower  temperatures  the  amount  of  ammonia  absorbed  being 
more  or  less  smaller  than  it  ought  to  be. 

Table  1 1— SHOWING  THE  ABSORPTION  OF  AMMONIA   BY  WATER  AT  DIFFERENT 
*  TEMPERATURES    AND    ATMOSPHERIC   PRKSSIRE,   ACCORDING  TO   DIFFER- 
ENT AUTHORS. 

One  Volume  of  WaUr  absorbs  the  Following  Quantities  of  Ammonia  : 


1 

Sims. 

BUNSEN. 

) 

ROSCOB  &    1 
DiTTMAR. 

Sin 

«. 

BUNSBN. 

R08COB  & 
DrmtAB. 

0 

•i 
w 

E 
E 
<« 

6 

V 

"3 

> 

C 

E 

E 
(t 

u 

0 

IT. 

"o 

=*  1 

in 
V 

E      ' 

E 

rt 

0 

Volumes. 

IT. 
V 

E 

0    1  0 

•■J 

"3 
> 

Grammes. 

■r. 
CI 

E 

"o 

> 

E 

E 

a 
»• 

0 

S 
1 

320 

0-899 

1,180 

0*799 

1,050 

0875 

1,150 

1 

ia5*6    0*274 

359 

— 

— 

or3i4 

*8i 

35-6 

0-853 

1,120 

0-756 

993 

0833 

«f094 

129-2    0-265 

348 

— 

— 

o-aoo 

a63 

39-2 

0*809 

1, 06a 

0*717 

942 

0*792 

1,040 

132*8    0*256 

336 

— 

0-185 

^39 

43-8 

0-765 

1,005 

0*681 

895 

0*751 

986 

136-4     0-247 

334 

464 

0724 

95 « 

0*649 

852 

0*713        936 

140*0    0*338 

31a 

50*0 

0-684 

898 

0*618 

813 

0*679 

892 

143*6  ^  0-229 

301 

5V« 

0*646 

848 

0*592 

777 

0*645 

847 

[ 

1 

147-2   ^  0*330 

289 

57a 

o'6it 

80a 

0566 

743 

0*612 

803 

150*8      0*211 

277 

608 

0-578 

759 

0542 

71a 

0*582 

764 

154*4    o-2oa 

365 

644 

0546 

7»7 

0*519 

68a 

0-554 

7*8 

158-0    0*194 

1 

a54 

680 

o'5i8 

683 

0-498. 

654 

©-.536 

691 

161 -6    0*186 

»44 

7.-6 

0-490 

643 

— 

— 

0-499        655 

165*2    0*178 

234 

75a 

0467 

6.3 

— 

— 

0474 

6aa 

168-8    0170 

a33 

788 

0-446 

585 

— 

— 

0-449 

589! 

1 

173-4    o'i6a 

313 

824 

o'4a6 

559 

— 

^— 

0*426 

559 

176-0    0-154 

203 

860 

e-408 

536 

— 

— 

0403 

5*9 

179*6    0*146 

■«. 

89-a 

0393 

5«6 

— 

0-383 

5Pa 

183-a    0-138 

■•• 

93» 

•-378 

49« 

— 

— 

o'36a 

475' 

i86-8    0-130 

170 

96-8 

0-363 

478 

— 

— 

o*343 

450 

190-4  j  0'I33 

160 

ioo'4 

0-350  \     459 

— 

— 

0-324 

4*5 

194*0  .  0*114 

149  1 

104*0 

0338 

444 

— 

— 

0307 

403 

197-6  j  o*to6 

>39 

107  "6 

0*396 

4»8 

— 

— 

0*290 

381 

1  soi'a    0-098 

is8 

itt-a 

0-315 

4»4 

1   — 

— 

1  o-a75 

36» 

•04-8  I  0*090 

>i8 

114-8 

0-304 

399 

!   ~ 

— 

o«59 

340.1 

so8*4  ,  o-oSa 

1 

1 
-7} 

118-4 

0*294  '     386 

— 

0*944 

321 

aia*o    0*074 

97 

xaa'o 

1  o*'84  1     373 

I    " 

1     "" 

0*129 

1     ^*| 

i 

In  Table  IV,  I  j,nve  the   fij^ures  showing  the  quantities 
of  ammonia  absorbed  by  liquid  base  at  temperatures  from 
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32°  to  300°  and  atmospheric  pressure ;  Fig.  4.  shows  the 
graphic  representation  of  the  same.  In  Table  V,  I  give 
the  figures,  and  in  Fig.  5,  the  graphic  representation,  accord- 
ino-  to  which  the  absorption  of  ammonia  by  liquid  base  tak^s 
place   at   temperatures  of   32°,  70°  and  150°,  and  absolute 

Table  HI— SHOWING    THE    ABSORPTION  OF  AMMONIA  BY  WATER  AT  DIFFER- 
ENT TEMPERATURES  AND  PRESSURES,  ACCORDING  TO  SIMS. 

One  Volume  of  Water  absorbs  the  Following  Quantities  of  Ammonia  : 


Absolute 
Pressure  in 

330 

F. 

68°  F. 

104 

^F. 

212 

=  F. 

Pounds  per 
Square  Inch. 

Grammes. 

Volumes. 

Grammes. 

Volumes. 

Grammes . 

Volumes. 

Grammes. 

Volumes. 

14-67 

0-899 

1,180 

0*518 

683 

0-338 

443 

0*074 

97 

i5'44 

o'937 

1,231 

o'535 

703 

0-349 

458 

0*078 

102 

16*41 

0*980 

1,287 

0-556 

730 

0-363 

476 

0-083 

109 

i7'37 

I  -oag 

1,351 

0-574 

754 

0-378 

496 

o-o88 

115 

18-34 

1-077 

1,414 

0-594 

781 

0*391 

513 

0*092 

120 

19-30 

1*126 

1,478 

0*613 

805 

0.404 

531 

0*096 

126 

20-27 

1*177 

1,546 

0*632 

830 

0-414 

543 

0*101 

132 

2 1 '23 

1*230 

1,615 

0*651 

855 

0-425 

558 

o-io6 

139 

22*19 

1-283 

1,685 

0*669 

878 

0-434 

570 

0*110 

140 

23-16 

I  "336 

1,754 

0*685 

894 

0-445 

584 

0*115 

151 

24-13 

1-388 

1,823 

0-704 

924 

o*454 

596 

0*120 

157 

35-09 

1*442 

1,894 

0-722 

948 

0-463 

609 

0*125 

164 

26-06 

1*496 

1,965 

0-741 

973 

0*472 

619 

0.130 

170 

27-02 

I '549 

2,034 

0-761 

999 

0-479 

629 

0-135 

177 

27-99 

1*603 

2,105 

0-780 

1,023 

0*486 

638 

— 

— 

28*95 

1*656 

2,175 

0-801 

1,052 

0-493 

647 

— 

— 

30*88 

1-758 

2,309 

0*842 

i,io6 

0-51 1 

671 

— 

— 

32*81 

1*861 

2,444 

o*88i 

1,157 

0*530 

696 

— 

— 

34*74 

1*966 

2,582 

0-919 

1,207 

0-547 

718 

— 

36-67 

2*070 

2,718 

0-955 

1,254 

0-565 

742 

— 

— 

38-60 

— 

0-992 

1,302 

0-579 

764 

— 

— 

40*53 

— 

— 

— 

— 

o'594 

780 

— 

— 

pressures  from  one  to  four  atmospheres,  the  full  lines  show- 
ing the  amount  of  ammonia  in  reality  absorbed,  the  dotted 
lines  showing  the  amount  which  ought  to  be  absorbed. 
It  will  be  seen  that,  contrary  to  the  absorption  of  ammonia 
by  water,  the  absorption   of   ammonia   by  liquid   base   is 
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according  to  the  above-mentioned  law,  the  differences  exist- 
ing- between  the  two  lines  of  70°  and  150°  being  due  to 
error  of  observation.  At  32°  the  absorption  seemingly  does 
not  follow  at  all  the  law  for  the  absorption  of  gases,  the  full 
line  diverging  upwards  of  about  two  and  one-quarter  atmos- 
pheres more  and  more  from  the  dotted  line.  But  this  is 
only  due  to  the  fact  that  the  ammonia  comes  nearer  and 
nearer  the  point  where  it  liquefies  (the  liquefying  point  of 
ammonia  at   32°  taking   place   at   an  absolute  pressure  of 


Table    IV— SHOWING     THE    ABSORPTION    OF    AMMONIA    BY   LIQUID    BASE    AT 
DIFFERENT  TEMPERATURES  AND  ATMOSPHERIC  PRESSURE. 


Temperature  in  °  F. 

I   Vol.  of  Liquid  Base 
absorbs    Volumes    of 
Ammonia.Calculatcd 
at    32°   and    Normal 
Pressure. 

Temperature  in  °  F. 

1   Vol.  of  Liquid  Base 
absorbs     Volumes  of 
Ammonia, Calculated 
at    32°   and    Normal 
Pressure. 

volumes. 

volumes. 

3a 

3139 

150 

1243 

40 

2-88o 

160 

1  117 

50 

3-592 

170 

1-012 

60 

2-383 

190 

0-898 

70 

2197 

210 

0-873 

80 

2091 

232 

0-751 

90 

I  950 

250 

0-700 

100 

1-824 

260 

o-68o 

no 

1-714 

270 

0-661 

I30 

1-588 

283 

0-638 

»3o 

1-465 

y» 

0-611 

140 

1-308 

. 

4-215  atmospheres  or  61-834  pounds),  and  the  amount  of  any 
gas  absorbed  by  a  liquid  always  exceeds  the  amount  which 
ought  to  be  absorbed,  as  soon  as  the  temperature  of  the  gas 
comes  near  its  liquefying  point. 

The  tests  were  made  in  the  following  manner 
Flask  ABC  (see  Fig.  i)  that  is  to  be  filled  wilh  liquid 
base  is  made  of  strong  glass.  It  contains  up  to  the  begin- 
ning of  its  neck  555  ccm.,  the  neck  itself  which  is  divided 
into  cubic  centimetres,  contains  45  ccm..  the  whole  contents 
of  the  flask  thus  being  600  ccm.     It  is  filled  with  liquid  base 
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by  means  of  a  siphon  to  such  an  extent  that  afterwards,  if 
heated  up  to  the  temperature  at  which  the  test  is  to  take 
place,  the  liquid  base  reaches  to  the  lower  part  of  the  gradu- 
ated neck.  Flask  A  B  C  is  put  on  a  support  in  the  covered 
sheet-iron  tank  D  E  F  G,  which  is  filled  with  linseed-oil  or 
water  and  can  be  heated  up  by  means  of  the  burners  H  H 

Table  V.— SHOWING    THE    ABSORPTION     OF     AMMONIA    BY    LIQUID    BASE    AT 
DIFFERENT  TEMPERATURES  AND  PRESSURES. 


^•5 

I  Vol.  of  Liquid  Base  absorbs  Volumes  of  Ammonia,  Calculated  at  32°and  Normal  Pressure. 

aw 

S 

c 

«  3 

at  32°  F. 

at  70°  F. 

at  150°  F. 

Volumes     of   Am- 
monia in  Reality 
Absorbed. 

Volumes     which 
ought  to  be  Ab- 
sorbed. 

Volumes    of    Am- 
monia in  Reality 
Absorbed. 

Volumes    which 
ought  to  be  Ab- 
sorbed. 

Volumes    of    Am- 
monia in  Reality 
Absorbed. 

Volumes    which 
ought  to  be  Ab- 
sorbed. 

14-67 
18-34 

22 '00 

25'67 
29-34 

33'oi 
36-67 

40-34 
44-01 
47-68 
S«*34 
55*oi 
58-68 
146-70 

3"  139 
3-862 
4-914 
5-677 
6'333 
7-354 
8-039 

8-933 
10-046 
10-990 
12-338 
13-427 
i5*655 

3-9*4 
4-708 

5*493 
6-278 
7-063 

7-847 
8-632 

9-417 

I0'20I 
10-986 
11-771 
12-566 

calculated. 

2-197 
2-862 

3*399 
3*946 
4-442 
5-041 
5-657 
6-219 

6-599 
7-344 
7-724 
8-352 
8-529 

2-746 
3-295 
3*845 
4-394 
4*943 
5  492 
6-042 

6-591 
7-140 
7-692 

8*239 
8-788 

1-243 
1-477 
i-8ii 
2-053 

2-3S7 
2*671 

2-959 
3-247 
3-556 
3-841 
4-169 
4-467 
4-692 

1*554 

1  864 

2-175 
2-486 
2-797 
3-107 
3-418 
3-729 
4-039 
4-350 
4-661 
4-972 
12-430 

to  any  desired  temperature,  controlled  by  the  thermometei 
/  and  kept  uniform  in  all  parts  by  means  of  the  agitator  K. 
The  pipe  ab  c\s  capillary,  the  diameter  of  the  pipes  d  e  f  and 
e  g  four  mm.  inside.  Cocks  v  and  ti  are  common  stop-cocks, 
cock  g  the  plug  of  which  has  a  wedge-shaped  perforation ; 
allows  to  regulate  the  quantity  of  ammonia  escaping  out  of 
the  flask  A  B  C'\n  the  minutest  manner.    From  g  the  escaping 
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Fig.  I  Apparatus  for  the  determination 

of  the  absorption  of  ammonia  by  liquid  base 

at  different  temperatures  and  pressures. 
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Fig.  4  Graphic  representation 
of  the  absorption  of  ammonia  by  liquid  base 
at  different  temperatures  and  atmospheric  pressure. 
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F'?-  5  Graphic  representation 
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gas  passes  through  a  stratum  of  mineral  oil  in  D\  and  from 
there  into  the  atmosphere.  The  purpose  this  bottle  D'  is  in- 
tended for  is  that  by  the  velocity  with  which  the  bubbles  of 
ammonia  pass  through  the  oil  in  D\  the  velocity  of  the  cur- 
rent of  ammonia  passing  through  flask  ABC  can  be  judged. 
The  pipe  ends  a  and  /  are  provided  with  bulbs  and  by  means 
of  strong  pieces  of  rubber-hose  (the  resistance  of  which  is 
strengthened  by  brass-sheathings  wrapped  over  them) 
connected  with  two  short  pieces  of  iron  pipe  which  are 
provided  on  their  other  ends  h  and  /  with  a  thread  and 
a  nut,  fitting  the  nut  k  and  the  thread  /,  respectively, 
tightly  by  means  of  washers.  The  nut  k  is  at  the  end  of 
the  pipe  k  0  terminating  into  the  top  of  tank  P  O  which  is 
filled  with  pieces  of  sodium  hydrate.  The  ammonia  devel- 
oped in  tank  R  S  passes  through  the  contents  of  tank  P  O, 
and  is  thus  freed  of  any  moisture  which  may  be  present. 
In  order  to  make  the  development  of  the  ammonia  con- 
stant and  thus  avoid  as  much  as  possible  any  sudden 
turbulent  eruptions  of  the  same,  tank  A'  .S"  is  put  in  cold 
water  contained  in  tank  T  U.  Cock  p  is  of  such  a  construc- 
tion as  to  allow  us  to  regulate  the  quantity  of  ammonia  enter- 
ing flask  A  B  C  in  the  minutest  manner.  The  other  end  of 
the  iron  pipe  /  m  by  means  of  a  strong  piece  of  rubber-hose 
(again  strengthened  by  brass-sheathing)  is  connected  with 
the  end  //  of  the  mercury  gauge  L  M  N  O.  Pipes  L  M  and 
NO  being  about  two  and  one-half  metres  long,  an  absolute 
pressure  of  four  atmospheres  can  be  obtained  without 
having  the  mercury  in  leg  L  M  go  too  far  down  to  the  bend 
J/,  and  thus  without  being  exposed  to  the  liability  of  one  of 
the  above-mentioned  uncontrollable  eruptions  of  the  ammo- 
nia forcing  the  mercury  entirely  out  of  leg  L  M,  and  tHus 
spoiling  the  whole  test.  Pipe  L  M  being  capillary,  the 
diameter  of  ^V  O  being  five  mm.  inside,  an  oscillation  of  a 
few  millimetres  up  or  down  of  the  mercury  in  L  M  is 
hardly  noticeable  in  (>  iV,  and  thus  by  regulating  cocks  /  and 
.^  the  pressure  prevailing  during  the  test  can  be  kept  con- 
stant within  a  few  millimetres. 

When  the  contents  of  flask  ./  />'  (T  have  the  desired  tern- 
perature,  the  whole  apparatus  is  put  together  as  shown  in 
Vol..  CXXXIII.  20 
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Fig.  I.     Ammonia  is  allowed  to  pass  through  the  oil  until 
all  air  in  the  neck  of  A  B  C,  in  bottle  D'  and  in  the  gauge,  is  dis- 
placed by  ammonia,  and  then  mercury  filled  into  the  gauge 
to  a  convenient  height.     If  the  test  is  to  be  made  at  atmos- 
pheric pressure,  nothing  is  to  be  done  but  to  regulate  the 
current  of  ammonia  in  such  a  way  that  the  mercury  column 
is  at  the  same  height  in  both  legs  of   the   gauge,  but   the 
pipe  d  c  g-  having  a  much  larger  diameter  than  a  b  c,  hardly 
any  regulation  of  cock  p  is  necessary.     If  the  test  is  to  be 
made  at  higher  pressure  the  two  cocks  p  and  g  are   handled 
until  the  pressure  indicated  by    the  gauge  is  the   desired 
one,  it  being  taken    care  that  a  properly  strong  current  of 
ammonia  escapes  through  D'.    According  to  the  prevailing 
temperature    and   pressure  it  takes  from  one-half  to  two 
hours,    until   the   liquid   base   is   entirely    saturated   with 
ammonia.   This  condition  being  obtained,  cocks  ic  and  ^are 
closed    in  the  very  same  moment,  and  k  is  disconnected 
from  //.     Then   i  having  been   disconnected  from  /  and  by 
means  of  the  rubber-hose  s  having  been  connected  to  the 
absorbing  apparatus,  cock  ?/  is  opened.     As  soon  as  the  first 
turbulent  escaping  of  ammonia  is  over,  cock  v  is  opened  and 
a  slow  current  of  pure  air  is  conducted  through  the  whole 
apparatus,  the  linseed-oil  in  tank  D EF  G  being  heated  up 
during  this  time  at  about  300°.  Thus  all  ammonia  that  was 
aVjsorbed  by  liquid  base  is  conducted  into  the  absorbing 
apparatus,  where  it  is  transformed  into  ammonium  chloride, 
W  X  and  Y  being  filled  with  diluted  muriatic  acid.     If  the 
test  has  been  made   at  higher  pressure  and  the  absorbed 
ammonia  is  drawn  off,  larger  or  smaller  quantities  of  liquid 
base  are  always  forced   out  of  flask  ABC,  and    these   are 
retained  in  the  empty  bottle  F,  thus  not  interfering  with 
the  formation  of  pure  ammonium  chloride  in  W  X  and  Y. 
It  takes  about  three  hours  until  the  last  traces  of  ammonia 
are  obtained  in  the  receivers.     The  weight  of  the  ammonia 
which  had  been  absorbed  by  the  oil  and  from  it  the  volume 
of  the  same  calculated  at  32°  and  normal  pressure,  is  deter- 
mined in  the  usual  way.     From  the  volume  thus  obtained 
the  volume  of  ammonia  which  at  the  end  of  the  test  was 
above  the  liquid  base  in  the  graduated  neck  of  flask  ABC, 
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is  to  be  subtracted.  As  it  is  under  the  pressure  and  tem- 
perature, at  which  the  test  was  made,  its  volume  at  32^  and 
normal  pressure  is  to  be  calculated.  Then  by  dividing  the 
cubic  centimetres  of  ammonia  really  absorbed  by  the  oil,  by 
the  cubic  centimetres  of  liquid  base  used  in  the  test,  the 
volume  of  ammonia  absorbed  by  the  unit  of  liquid  base  is 
obtained.  For  mechanical  reasons,  it  is  practically  impos- 
sible to  keep  the  pressure  exactly  at  the  point  at  which  the 
test  was  intended  to  be  made,  and  the  absorption  took  place 
at  a  pressure  of  a  few  millimetres  more  or  less  in  almost  all 
tests  made.  From  the  results  obtained  with  the  pressures 
prevailing"  we  obtain  the  figures  for  the  pressures  intended 
by  application  of  the  above-cited  law  for  the  absorption  of 
gases  by  liquids  at  different  pressures.  The  following  is  an 
example  how  this  calculation  was  made  : 

Temperature  at  which  the  test  was  made,  1 50°  ;  absolute 
pressure  prevailing,  1906-0  mm.;  absolute  pressure  intended, 
I900'0  mm.  =  2\  atmospheres;  volume  of  liquid  base  used 
in  the  test,  559"0  ccm.  at  150°.  Consequently  at  the  end  of 
the  test  600  —  559  =  41*0  ccm.  of  ammonia  at  i9o6'0  mm., 
absolute  pressure,  and  150°  are  above  the  oil.  These  are 
equal  to  827  ccm.  at  32°  and  normal  pressure. 

The  weight  of  ammonium  chloride  yielded  is  4*2050 
grammes  =  r336o  grammes  =  1754-6  ccm.  of  ammonia  at 
32°  and  normal  pressure.  The  827  ccm.  of  ammonia  above- 
mentioned  being  subtracted,  i754'6  —  827  --  1671*9  ccm.  of 
ammonia  were  in  reality  absorbed  by  the  5590  ccm.  of 
liquid  base  or  2*990  volumes  by  the  unit.  If  2*990  volumes 
are  absorbed  at  1906*0  mm.. 

2*990  X  1000*0        ^0.1 

. ^'^^n ^>--_  __  2-981  volumes 

19060 

are  absorbed  at  an  absolute  pressure  of  1900*0  mm. 

By  calculations  based  on  the  abov^e  data,  Mr.  A.  Siebcrt, 
Superintending  ICngineer  of  the  De  La  Vergne  Refrigerat- 
ing Machine  Company,  found  that  the  volumes  of  ammonia 
absorbed  at  temperatures  between  So°  and  ;oo''  V .  can 
approximately  be  calculated  by  the  formula  : 

r/ =   3*139  —  0*023972  (/  —  32®)  -f  0*00008073  (/  —    v"*)*  — 

0*0000000988  (/  —  32°)^ 
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F^ROCEEDINGS 


Elkctrical   Sbction 


KrankIvIN   Institute. 


{^Stated  meeting,  held  Tuesday,  March  i,  i8q2.'] 

Hall  of  the  Franklin  Institute, 
Philadelphia,  March  i,  1892. 

Prof.  Edwin  J.  Houston,  President,  in  the  chair. 

Present,  thirty  members  and  visitors. 

The  mmutes  of  the  previous  meeting  were  read  and  approved. 

The  Treasurer  reported  the  cash  balance  in  the  treasury,  and  presented 
bills  for  printing  and  clerical  work,  which  were  approved  and  ordered  paid. 

The  Committee  on  Admissions  reported  one  election  to  membership  since 
last  meeting. 

Mr.  C.  W.  Pike  read  a  paper  on  "  The  Constant  Shunt  Method  for  the 
Measurement  of  Continuous  Currents,"  with  blackboard  illustration.  Referred 
for  publication.  In  discussion  thereon,  Mr.  Carl  Hering  stated  that  this 
method  had  been  used  successfully  at  the  Munich  Exhibition  of  1882,  and  by 
himself  at  the  Institute's  Electrical  Exhibition  of  1884.  In  the  latter  case 
copper  wire  was  used  throughout,  making  the  rate  of  temperature  variation 
more  regular.  Mr.  Willyoung  also  stated  that  he  had  used  this  method 
satisfactorily. 

Prof.  E.  J.  Houston  read  a  paper  on  "  Cerebral  Radiation  "  which  was  dis- 
cussed at  some  length  and  referred  for  publication. 

Mr.  Carl  Hering  gave  some  data  submitted  by  the  Oerlikon  Works  for 
the  power-transmission  plant  at  Niagara.  The  current  furnished  would  be 
equally  suitable  for  motors,  arc  and  incandescent  lights.  The  dynamo  is  a 
three-phase,  separately-excited  machine  of  5,000  horse-power,  and  ninety- 
six  per  cent,  efficiency.  Its  drum  armature  is  made  up  of  copper  bars,  is 
ten  feet  in  diameter,  and,  running  at  250  revolutions  per  minute,  will  furnish 
a  current  in  each  of  the  three  coils  of  2,000  amperes,  at  600  to  700  volts. 
The  current  from  each  machine  feeds  through  two  2,500  horse-power  trans- 
formers, capable  of  reducing  from  25,000  volts.  Cost  of  the  line  to  be 
$20,000  for  32.000  metres,  to  carry  up  to  10,000  horse-power.  Total  estimated 
cost,  including  generators,  exciters,  transformers  and  lines,  to  be  $180,000. 

A  query  from  the  Question-Box  regarding  the  temperature  coefficient  of  a 
Weston  voltmeter  was  discussed  at  some  length,  and  satisfactorily  answered. 

The  meeting  then  adjourned.  L.  F.  Rondinella,  Secretary. 
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RESISTANCE  STANDARDS:  their  MANUFACTURE 

AND  ADJUSTMENT. 


By  Elmer  G.  Willyouxg. 


\^Read  at  the  stated  meeting,  hetd  Noz'ember  j,  /S<^/J] 

I  shall  Speak  to  you  for  a  very  brief  time   this   evening 
on   the  subject  of  electrical  standards  of  resistance.     The 
standard  of  resistance  is,  to  my    mind,   by  far   the   most 
valuable  standard  with  which  we  have  to  do  in  actual  work. 
Considering  only  the  quantities  involved  directly  in  Ohm's 
law,  which  are  about  the  only  quantities  of  any  particular 
value   or   meaning   to   four   electricians    out   of    five,    the 
standard  of  resistance  is  almost  the  only  material  standard 
which   we  can  possess.     The  unit  of  current  is  a  standard 
but  it  is  a  standard   which  only  exists  by  definition  and  is 
not    an    actual     tangible    and     physical    thing,    while    the 
standard  of  E.M.F.  which  shall  give  an  exact  unit  or  mul- 
tiple of  a  unit  is  yet  to  be  discovered;  a  standard  cell,  to  be 
sure,  giving  a  definite  E.M.F.  at  a  definite  temperature  and 
whose   rate    of    variation    with    temperature  is  accurately 
known,  is  now  a  comparatively  easy  thing  to  secure,  but  the 
care  necessary  in  its  use  together  with  the  decimal  value  of 
its  E.M.F.  are  both  considerably  against  its  being  rated  as 
high,   practically,  as   the  standard  of  resistance.     It  must 
also  be  borne  in  mind  that,  having  a  standard  of  resistance, 
we  may  obtain   the  value  of  any  E.M.F.  by  the  solving  of 
/:  =  6'A*  where  C  is  known  from  the  amount  of  electrolytic 
deposition   taking   phice  in  a  given   time   out  of  a  suitable 
.solution;  the    amount   of    copper,    silver,   or   other    metal 
deposited  out  of  such  a  solution  in  a  given  time  by  a  given 
current  being  always  a  definite  and  exact  one  to  be  found 
in  any  text-book  upon  the  subject. 

The  standard  of  resistance,  as  generally  known,  is  a 
length  of  wire  of  one  kind  or  another,  wound  upon  a  spool, 
mounted  in  a  convenient  case  to  protect  it  from  injury  and 
moisture,  and  having  its  resistance  at  some  given  tempera- 
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ture  definitely  determined;  a  true  standard  also  has  its  rate 
of  variation  of  resistance  for  change  of  temperature  accu- 
rately known.  Sometimes  one  coil  is  mounted  up  alone 
and  sometimes  many  coils  of  different  values  are  put  up  in 
the  same  mounting. 

In  the  manufacture  of  standards  of  resistance  a  great 
many  qualities  are  required  of  the  resistance  wire  which 
shall  be  used.  It  should  have  high  specific  resistance,  in 
order  that  the  standard  may  not  have  too  much  bulk;  it 
should  have  as  small  a  temperature  coefficient  of  resistance 
as  possible,  in  order  that  its  value  may  be  easily  obtained  at 
any  reasonable  temperature  without  the  making  of  trouble- 
some calculations;  it  must  not  change  its  resistance  in 
time  ;  it  must  not  be  oxidizable  by  the  air  or  by  the  medium 
in  which  it  may  be  enclosed,  since  this  would  change  the 
constitution  and  hence  the  resistance  of  the  wire ;  and  it 
must  be  of  a  hardness  suitable  for  handling  in  manufacture 
and  adjustment  without  injury.  The  requirement  of  high 
specific  resistance  immediately  compels  us  to  reject  copper, 
iron,  aluminum,  silver,  and  all  other  pure  metals  except 
lead,  antimony  and  bismuth.  The  softness,  difficulty  of 
working,  and  high  temperature  coefficient  as  well  as  many 
other  reasons  would  throw  these  last  three  out  of  the 
account.  The  matter  of  temperature  coefficient  alone,  in 
fact,  would  compel  us  to  reject  all  pure  metals  since  they 
all  increase  roughly  about  twenty-five  per  cent,  in  resist- 
ance between  o°  and  ioo°  C,  except  iron,  which  increases 
about  forty  per  cent.  We  are,  therefore,  led  to  try  alloys. 
Dr.  Matthiessen,  chairman  of  the  sub-committee  (of  the 
Committee  on  Electrical  Standards  of  the  British  Associa- 
tion), from  1862-65,  having  in  charge  the  investigation  of  the 
properties  of  wires  with  reference  to  the  selection  of  a  suita- 
ble one  to  be  used  in  the  standard  of  resistance,  decided 
upon  by  the  British  Association  and  now  known  as  the  B. 
A.  Ohm,  examined  very  exhaustively  a  large  number  of 
wires,  among  which  were  pure  iron,  silver,  copper,  thallium 
and  other  metals,  and  a  great  many  alloys ;  he  finally  con- 
cluded that  silver  alloyed  with  33'4  per  cent,  of  platinum 
was  the  best  alloy  obtainable.     This  alloy,  known  as  plati- 
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num  silver,  is  still  used  by  English  makers;  it  has  a  specific 
resistance  of  twenty-four  microhms  and  a  per  cent,  varia- 
tion per  degree  C.  of  j^Jy.  In  selectingthis  alloy  we  see  that 
the  requirements  of  high  specific  resistance  and  low  tem- 
perature coefficient  have  both  been  observed,  the  resistance 
of  platinum  silver  being  about  sixteen  times  that  of  copper 
and  its  temperature  coefficient  less  than  j^,\,j  that  of  copper. 
With  reference  to  the  constancy  of  resistance  in  wires  it 
may  be  well  to  mention  that  many  metals  and  alloys  seem 
to  alter  in  electrical  resistance  with  time,  or  on  being 
subjected  to  change  of  temperature.  In  an  investigation 
carried  on  by  J.  Bergmann,  a  German  electrician,  in  the 
latter  part  of  1889,  he  reports  that,  after  raising  to  and  main- 
taining at  300°  C.  for  one  hour  and  then  cooling,  the  resist- 
ance of  several  substances  changed  as  follows  : 

IVr  Cent. 

Copp>er  decreased 24 

Aluminum       **         5*0 

Magnesium      "         68 

Zinc  "         24 

German-silver  increased f,-, 

Mr.  T()mlins(jn,  a  little  earlier,  found  a  somewhiit  similar 
result  in  the  caseof  iron  wire,  which  decreased  in  resistance 
about  one-quarter  per  cent,  after  several  heatings  to  icx)° 
C,  and  subsequent  cooling.  Dr.  Matthiessen,  in  the  inves- 
tigations previously  alluded  to,  found  a  considerable  time 
change  in  a  number  of  the  alloys  and  wires,  which  he 
experimented  upon.  Itmay  beof  interest  to  state  here  that 
three  of  the  original  platinum-silver  coils  determined  by  the 
British  Association  through  1  )r.  Matthiessen  and  his  col- 
leagues at  the  time  of  the  adoption  of  the  B.  A.  Ohm  were 
found  last  year,  when  carefully  examined,  to  have  devel- 
oped an  increase  of  resistance  of  about  six  parts  in  io,coo, 
or  about  jjif,  per  cent.,  quite  an  appreciable  amount  as 
standards  go.  The  committee  having  these  last  comparisons 
in  charge  suggested  that  this  change  in  resistance  was 
only  temporary,  and  due  to  strains  in  the  wire  produced  by 
lowering  it  to  0°  C.,at  which  temperature  the  measurements 
were  made  :  they  have,  however,  not  yet  been  able  to  verify 
this  idea.     A  time  change  is,  however,  to  be  noted  in  a  large 
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number  of  metals  and  alloys  where  strains  are  not  taking 
place.  This  time  change  in  resistance,  as  Dr.  Matthiessen 
suggested,  is  probably  very  largely  due  to  a  gradual  anneal- 
ing effect,  as  it  is  particularly  noticeable  in  hard-drawn 
wires.  It  has  also  been  observ^ed  to  be  in  a  marked  degree 
a  property  of  wires  containing  zinc  and  to  be  lacking,  except 
to  a  very  small  extent,  in  wires  free  from  zinc  ;  here  it  is 
possible  that  zinc  may  gradually  crystallize  out,  since  it 
does  easily  crystallize,  and  the  homogeneity  of  the  wire  thus 
being  altered,  the  change  in  resistance  may  be  accounted 
for. 

It  is  almost  self-evident  that  the  resistance  of  a  metal  or 
alloy  is  a  function  of  its  density ;  hence,  all  causes  tending 
to  change  the  density  of  the  resistance  metal  will  also  tend 
to  change  its  resistance.  It  is  quite  reasonable  to  expect, 
therefore,  that  an  increase  of  resistance  should  be  observed 
after  a  wire  is  wound  upon  a  spool.  A  wire  wound  up  on  a 
spool  not  over  eight  times  its  own  diameter  will  increase 
from  one-half  to  two  per  cent,  in  resistance ;  a  part  of  this 
increased  resistance  is  due  to  the  increased  hardness  caused 
on  the  inside  of  each  turn,  by  the  bending  stress,  and  hence 
gradually  falls  away  as  the  wire  slowly  anneals.  For  this 
reason,  it  is  unsafe  to  send  out  a  resistance  standard  as  cor- 
rect until  several  months  have  elapsed  after  winding. 

Several  years  ago  a  wire  was  brought  out  in  England 
known  as  *'  platinoid."  It  was  said  to  be  an  alloy  composed 
of  ordinary  German-silver  with  one  or  two  per  cent,  of 
metallic  tungsten  added.  It  has  a  specific  resistance  of 
about  thirty-two  microhms  and  a  temperature  coefficient 
of  ^(j-^,,  per  cent,  per  degree  Centigrade.  I  have  analyzed 
this  several  times  but  have  never  been  able  to  detect  any 
tungsten ;  two  or  three  friends  have  done  the  same 
with  the  same  result.  Whether  or  not  any  tungsten 
is  used  as  the  wire  is  now  made,  is,  therefore,  not  certain. 
During  the  week  since  reading  this  paper,  I  have  been 
informed  by  an  electrician  that  the  tungsten  "  burns  out  "  in 
the  process  of  manufacture.  The  properties  of  this  alloy 
are,  however,  about  as  reported.  It  is  nearly  as  cheap  as 
German-silver,  and  during  the   time  over  which  my   own 
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observations  have  extended  shows  no  time  change ;  at  least 
if  any  change  has  taken  place  in  the  coils  in  our  possession, 
is  has  been  by  less  than  y^,y  per  cent.  The  wire  is  hard, 
practically  non-oxidizable  and  easily  handled.  It  is  n(nv 
being  used  in  all  the  standards  sent  out  by  (Jueen  &  Co., 
and  proves  satisfactory  in  every  way.  I  have  here  in  my 
hand  a  wire  recently  sent  me  by  the  Aluminum  Brass  and 
Bronze  Company,  of  Bridgeport,  Conn.,  and  claimed  by 
the  manufacturers  to  have  thirty-five  times  the  resistance 
of  copper  together  with  an  extremely  small  temperature 
coefficient,  less  than  -^^  that  of  German-silver.  I  have  not 
had  an  opportunity  to  test  the  accuracy  of  these  statements 
as  yet,  having  been  too  busy  with  other  work,  but  hope 
soon  to  be  able  to  do  so.  According  to  the  Electrical 
Efii^ineer,  of  October  21,  1891,  there  is  also  claimed  for  this 
wire  a  tensile  strength  of  70,000  to  100,000  pounds  per 
square  inch,  with  eightv  twists  in  six  inches,  and  with  a 
lower  resistance,  a  tensile  strength  up  to  140,000  pounds  per 
square  inch  You  see  it  is  of  a  pale-rose  color  and  looks  as 
if  it  might  contain  considerable  copper.  I  suspect  it  is 
a  variety  of  manganese-copper  made  up  of  about  seventy 
per  cent,  of  copper  and  thirty  per  cent,  of  manganese,  with 
perhaps  a  small  percentage  of  nickel.  Mr.  Edward  Weston 
experimented  on  some  of  these  alloys  a  couple  of  years  ago 
and  found  one  of  them  to  have  a  negative  temperature 
coefficient ;  his  statement  to  that  effect  was  received  with 
considerable  incredulity  at  the  time,  but  has  since  been 
thoroughly  verified.  According  to  Drs.  Feusner  and  St. 
Lindeck,  in  Zeitsclirift  fur  Instrumettten  Kundc,  February,  1891, 
an  alloy  compo.sed  of  seventy  per  cent,  copper  and  thirty  per 
cent,  manganese  had  a  resistance  of  about  five  times  that 
of  (rerman-silver  and  a  temperature  coefficient  of  but  ^^.^^ 
per  cent,  per  degree  Centigrade,  while  an  alloy  of  seventy- 
three  per  cent,  copper,  three  per  cent,  nickel,  and  twenty-four 
percent,  manganese  had  a  sj)ecific  resistance  a  little  less  than 
three  times  that  of  German-silver,  and  a  negative  tempera- 
ture coefficient  of  y^^,,  per  cent.  We  see,  hence,  that  it 
ought  to  be  entirely  possible  to  obtain  a  wire  having  a  zero 
coefficient,  /.  e.,  not  changing  resistance  at  all  for  change  of 
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temperature  by  properly  combining'  the  constituent  metals 
of  this  allov.  The  obtaininof  of  such  an  invariable  standard 
is  a  "  consummation  devoutly  to  be  wished  "  in  electrical 
work  as  accurate  work  is  very  troublesome  and  tedious 
where  long*  decimal  coefficients  have  to  be  applied,  and  this 
becomes  particularly  the  case  where  several  sets  of  coils  are 
used  in  the  same  investigation  having  different  temperature 
coefficients.  Dr.  E.  S.  Nichols,  of  Cornell  University,  and 
others  have  made  successful  attempts  to  obtain  resistances 
having  a  zero  coefficient  working  along  another  line  ;  they 
have  taken  a  rod  of  carbon  and  soldered  to  its  extremities 
a  length  of  wire  of  some  metal  or  alloy;  since  carbon 
decreases  and  wires  increase  their  resistance  with  rising" 
temperature,  it  is  evident  that  by  using  a  suitable  wire  and 
proper  proportions  a  combination  might  be  found  which 
when  placed  in  a  circuit  in  parallel  would  remain  of  the 
same  resistance  at  any  temperature.  The  difficulty  of 
soldering  to  carbon  as  also  the  care  necessary  in  adjusting" 
prevent,  however,  such  resistances  from  becoming  commer- 
cial possibilities  ;  the  carbon  is  also  too  sensitive  to  changes 
of  pressure  and  to  strains. 

A  strictly  standard  resistance  is,  according  to  the  prac- 
tice of  the  best  makers,  adjusted  to  anything  within  from 
tV  to  Tod  P®^ cent,  of  absolute  accuracy.  A  single  coil  would 
not  be  considered  a  ''  standard  coil  "  unless  it  were  accurate 
within  from  Jg-  to  -^\^  per  cent,  absolute  accuracy.  To  obtain 
this  high  accuracy  of  adjustment  it  is  easily  seen  that  very 
exact  methods  of  measurement  must  be  employed :  should 
we  attempt  to  measure  an  inch  within  this  limit  of  error,  the 
error  could  not  be  ovei  yo-Joo-  inch,  an  exceedingly  small 
quantity.  Various  methods  have  been  suggested  and  em- 
ployed by  different  parties  at  different  times.  An  apparatus 
designed  by  Prof.  Fleeming  Jenkin,  and  used  somewhat  by 
the  British  Association  Committee  in  1862,  consisted  of 
essentially,  an  ordinary  Wheatstone's  Bridge  with  the  con- 
nection between  two  adjacent  arms,  coUvSisting  of  a  short, 
straight  length  of  resistance  wire.  If,  now,  one  galva- 
nometer contact  be  on  this  straight  wire  and  the  other  at  the 
junction  of  the  two  opposite  arms  of  the  bridge,  and  5,  one 
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of  these  opposite  arras,  be  the  coil  to  be  adjusted  to  A\  the 
other  of  the  opposite  arms,  and  the  arms  adjacent  to  the 
straight  wire  be  designated  C  and  A  we  will  have 

C  ^    R 
A  S 

we  now  interchange  A*  and  5  and  have 

C    ^  S 
A  R 

this  will  demand  a  new  position  of  the  galvanometer  con- 
tact upon  the  straight  wire  and  the  distance  moved  over  on 
the  straight  wire  is  a  measure  of  the  difference  in  resistance 
between  R  and  5. 

vSuppose  that  C  and  A  each  have  100  inches  of  the  same 
wire  as  the  straight  wire  and  that  we  have  had  to  move 
over  one  inch  in  reversing  A'  and  S,  then  A'  and  .S  agree  within 
one  per  cent.  Now  we  adjust  S  closer  to  R  and  substitute 
for  C  and  A  two  new  coils  C  and  .  /'  each  of  i ,000  inches  wire. 
If  now  we  again  adjust  so  as  to  move  over  one  inch  in 
reversing  we  are  within  y\y  per  cent,  of  accuracy  ;  and  so  by 
continually  adjusting  \  to  R  we  may  obtain  gradually 
closer  approximations  to  accuracy  if  we,  at  the  same  time, 
substitute  other  coils  for  Cand.-^.  But  this  process  is,  at 
the  best,  but  a  cut-and-try  one  and  exceedingly  tedious.  A 
complete  description  of  this  method  and  convenient  appara- 
tus will  be  found  on  p.  38,  of  Reports  of  Electrieal  StaniliUils, 
published  by  Spon. 

I  have  here  a  piece  of  apparatus  first  designed  several 
years  ago  during  my  student  days.  It  is  a  modification  of 
an  arrangement  devised  by  Prof.  S.  P.  Tliompson,  and 
described  in  Steivart  &  Gee,  2d  vol.,  p.  160.  Tlie  one  I  have 
here  was  first  suggested  to  me  by  Prof.  H.  S.  Carhart.  of 
Michigan  University,  and  has  since  been  somewhat  modi- 
fied by  myself.  If  we  take  an  ordinary  slide  wire  bridge 
having  four  openings  for  coils  at  the  back  and  (the  slide- 
wire  being  in  front)  fill  these  spaces,  beginning  at  the  left, 
with  coils  designated  /'  A,  R^  and  Q,  respectively,  connect 
the  battery  from  between  P  and  A',  to  between  R^  and  Q, 
and  the  galvanometer  from  l^etween  A',  and  R.  to  a  point  on 
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the  slide  wire,  we  have  substantially  the  method  which  is 
known  as  the  Carey-Foster  method.  Designating  the 
resistance  of  copper  connector  at  the  left  by  r^  and  of 
copper  connector  at  the  right  by  r.^  and  letting  P  be  the 
resistance  of  unit  division  of  the  wire. 

Ri        Q  -\-  r,-^  {L  —  X{)  o  ^  ^ 

where  A',  is  the  reading  on  the  bridge  wire  and  L  the  total 
number  of  divisions.  Reverse  the  position  of  P  and  Q  and 
we  have 

(2) 


^.  _ 

Q  +  r,-\-  X  ,o 

R, 

P  Jrr,  -^{L  —  X,)  /; 

m  (i)  we  have 

^i        _ 

P+  r,  +  X,p 

(3) 


(4) 


R,-{-  R,       P  J^  Q  J^  r.^r,-^  L  f> 
and  from  (2)  we  have 

_^i      _  _      e  +  r,  +  ^2  /> 

R,^R2       P  J^  Q  ^  r,  ^  r.^  ^  L  f> 

From  (3)  and  (4)  we  get 

Q^r,^X,(>  =  P^r,^X,  p 

Q-P  =  {>  {X,  -  X.^ 

which  is  an  expression  independent  of  the  resistance  of  the 
end  pieces  of  the  bridge,  being  merely  the  resistance  of 
that  portion  of  the  wire  over  which  we  must  move  in  obtain- 
ing our  two  balances.  Thompson's  device  is  merely  for 
quickly  and  conveniently  interchanging  coils  P  and  Q\ 
with  it  we  must  change  the  position  of  four  copper  con- 
nectors in  four  mercury  cups ;  this  is  tedious  and  increases 
the  danger  of  a  change  of  temperature  between  the  adjust- 
ments. The  modification  which  I  have  here  has  reduced 
these  changes  to  two  which  can  be  almost  instantly  made. 
With  this  device  and  a  carefully  calibrated  bridge  wire  it 
is  an  extremely  simple  matter  to  attain  an  accuracy  of  -^ 
per  cent.,  while  much  higher  percentages  of  accuracy  may 
be  gotten  with  care.     Of  course,  in  this  method  the  coils  P 
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and  Q  must  be  at  a  definitely  known  temperature  which 
shall  not  change  during  the  taking  of  the  two  readings  ; 
hence,  the  two  coils  are  placed  in  well  stirred  water  or  oil 
baths.  The  other  coils  R  and  5  are  wound  together  and 
left  in  the  open  air  as,  if  they  change  at  all,  they  will  prob- 
ably change  about  equally  and  the  result  be  of  no  appreci- 
able importance.  This  device  is  also  the  best  thing  to  use 
in  determining  temperature  coefficients  of  wires ;  a  length 
of  wire  is  wound  up  on  a  spool,  immersed  in  oil  at  a 
definite  temperature  and  compared  with  a  standard..  The 
temperature  of  the  oil  is  then  raised  and  the  resistance  of 
the  wire  again  determined  ;  knowing  the  difference  of  tem- 
perature and  the  change  of  resistance  the  temperature 
coefficient  follows. 


On  the   variable   ACTION    of   TWO-COIL 

SOLENOIDS. 


By  W.M.  S.  Aldrich,  Johns  Hopkins  University,  Baltimore,  Md. 


[^Read  at  the  meeting  of  the  Electrical  Section,  held  February  2,  iSg2.^ 

The  Tico-coil  Solenoid  Electro-magnetic  Meclianism  produces  a 
double-acting  reciprocating  movement  of  an  iron  core  or 
plunger,  when  the  coils  are  variably  energized  by  a  pulsat- 
ing current,  causing  the  induction  to  rise  from  zero  to  a 
maximum  alternately  in  each  coil.  The  action  of  the 
plunger  under  the  influence  of  the  two  magnetic  fields  of 
force,  other  conditions  being  equal,  will  vary  according  to 
whether  the  two  solenoids  act  with  or  against  each  other. 
The  respective  movements  of  the  plunger  are  not  only  very 
different  in  each  case,  but  the  maximvm  pull  in  either 
direction  towards  the  central  line  between  the  two  coils  is 
greater  in  the  former  arrangement  than  in  the  latter,  as  will 
be  seen  by  referring  to  the  plotted  results  of  the  experi- 
ments under  these  two  conditions. 

A  preliminary  experiment  was  made  with  a  variable  cur- 
rent obtained  by  an  adjustable  resistance,  to  determine  the 
maximum  pull,  its  variation,  the  movement  of  the  plunger 
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when  under  maximum  pull,  and  also  when  exerting  no  pull, 
or  when  in  a  position  of  equilibrium.  In  the  experi- 
ments of  which  the  results  are  shown  graphically,  the  pul- 
sating current  was  obtained  by  a  rotating  brush  "^  moving 
around  the  commutator  of  a  dynamo,  and  the  action  of  the 
two  coils  was  examined  with  reference  to  : 

(i)  The  combination  (the  differential  coil-and-plunger  of 
Sylvanus  P.  Thompson's  classification),  consisting  of  the  two 
solenoid  coils  as  two  parts  of  one  coil,  traversed  by  a  pul- 
sating current  of  variable  intensity  in  each  part,  and  giving 
rise  to  a  resultant  magnetic  field  from  the  combination  of 
the  two  variable-intensity  electro-magnetic  stresses  of  like 
character,  and  constant  in  direction. 

(2)  The  combination  operating  as  two  distinct  solenoids, 
producing  resultant  stresses  in  the  ether  medium  from  the 
two  variable-intensity  electro-magnetic  stresses  of  opposite 
character  and  constant  in  direction. 

The  Pulsating  Current  Obtained  by  Variable  Potential  through 
constant  resistances,  will  give  quite  a  steady  pull  and 
almost  regular  reciprocation  of  the  plunger,  from  the 
regular  variations  of  potential,  and  so  of  current  and  of 
magnetizing  effect  of  the  two  solenoid  coils.  .But,  whereas 
the  electrical  resistance  of  the  solenoid  coils  may  be  con- 
sidered constant  under  all  ordinary  conditions  (excepting 
the  slight  variations  due  to  the  heating  effect  of  the 
current),  the  magnetic  resistance  or  reluctance  of  the  iron 
core  is  quite  variable  with  the  intensity  of  magnetization. 
vSo  that  while  a  regular  variation  of  potential  may  produce  a 
regular  undulation  of  the  current  passing  through  the  sole- 
noid coils,  the  resultant  effect  upon  the  iron  core  plunger 
may  vary  within  wide  limits;  also,  according  to  the  counter- 
electro-motive  force,  depending  largely  upon  its  speed  of 
reciprocation,  and  its  position  in  the  field  of  force,  which 
position  may  be  more  or  less  controlled  by  external  mechani- 
cal forces. 


♦  As  in  Van  Depoele's  double-acting  pulsating  current  electro-magnetic 
reciprocating  mechanism,  for  claims  and  applications  of  which  see  United 
States  Patents,  No.  422,855,  of  March  4,  1890;  No.  458,873,  of  September  i, 
1891  ;  No.  461,294  and  461,295,  of  October  13,  1891. 
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The  Two-coil  Solenoid  in  these  Experiments  consisted  of  two 
coils,  of  200  turns  each,  of  No.  14,  B.  &  S.,  double-cotton 
covered  copper  wire ;  both  coils  were  wound  in  the  same 
direction,  on  a  thin  brass  tube,  of  0'625  inch  outside 
diameter,  and  4*1  inch  long;  the  coils  themselves  were 
each  1*9  inches  long,  and  separated  by  a  ot  inch  fibre  disk, 
and  protected  also  at  the  outer  ends  by  O'l  inch  fibre  disks. 
The  iron  core  forming  the  plunger  was  0'5  in  diameter,  and 
225  inches  long,  of  soft,  slightly  annealed  wrought  iron, 
capable  of  carrying  about  15,000  lines  per  square  centi- 
metre just  below  the  point  of  saturation.  The  construction 
was  not  iron-clad.  The  pull  was  measured  by  a  sensitive 
spring  balance;  and  the  plunger  was  nominally  at  rest  when 
readings  were  taken — it  being  in  static  equilibrium  under  the 
action  of  the  spring  balance  and  the  electro-magnetic  stresses. 

Preliminary  Experiment ;  Potential  Varied  by  Resistances, 
introduced  in  circuit  with  the  solenoid  coils,  causing  a 
variable  current  to  be  supplied  to  them,  from  a  constant 
storage  battery  supply  of  twelve  amperes  and  175  volts. 
The  inner  ends  of  the  solenoid  coils  connected  to  a  movable 
or  sliding  contact  along  an  adjustable  resistance,  and  the 
outer  ends  connected  to  the  outer  terminals  of  this  resistance, 
joining  up  the  two  solenoid  coils  as  two  parts  of  one  coil, 
forming  a  differential  coil-and-plunger  traversed  by  a  current 
of  variable  potential. 

{a)  Sliding  contact  dividing  the  adjustable  resistances  in 
the  ratio  of  four  to  four  (equally)  between  the  two  solenoid 
coils;  maximum  doiunivard  '^^wW,  three  ounces. 

ib)  In  the  ratio  of  five  (top  solenoid)  to  three  (bottom 
solenoid) ;  27  ounces. 

{c)  In  the  ratio  of  six  (top)  to  two  (bottom);  3*1  ounces. 

{d)  In  the  ratio  of  seven  (top)  to  one  (bottom) ;  3*3  ounces. 

(<•)  In  the  ratio  of  eight  (top)  to  zero  (bottom  solenoid 
coil  cut  out) ;  3*3  ounces. 

The  2'25  inch  plunger,  under  maximum  downward  pull, 
was  almost  invariably  in  one  position,  during  this  (juartcr- 
cycle  of  operations  ;  its  centre  being  about  1725  inches  above 
the  centre  line  of  the  o*i  inch  fibre  disk  between  the  two 
coils  ;  that  is,  a  little  more  than  half-way  in  the  top  coil. 
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The  zero  position  of  the  centre  of  the  plunger  moved 
upward  0-95  inch — from  0*075  inch  bcloiv  the  centre  line 
of  the  fibre  disk  between  the  coils  (for  the  four-to-four  com- 
bination of  adjustable  resistances),  to  0*875  inch  above  this 
line,  when  the  bottom  coil  was  cut  out.  This  latter  position 
should  probably  have  been  0*95  inch  (which  is  one-half  the 
coil  length  of  1*9  inches),  above  the  bottom  of  the  top  coil ; 
that  is,  the  plunger  in  normal  position  of  equilibrium  in  one 
or  the  other  coil  alone,  of  about  the  same  length,  should  be 
about  central  with  that  coil  under  all  ordinary  conditions. 
While,  when  both  coils  are  equally  energized  the  plunger  is 
normally  central  between  them,  for  thin  separating  disks, 
yet  the  two  coils  may  be  so  far  separated,  longitudinally, 
that  the  zero  position  is  more  or  less  indeterminate.  Other 
conditions  being  equal,  the  plunger  not  being  exactly 
central  between  the  two  coils,  shows  that  the  external 
resistances  introduced  were  not  exactly  equal  in  the  four-to- 
four  combination.  Sylvanus  P.  Thompson  speaks  of  the 
maximum  pull  of  a  single  coil  on  a  plunger  of  the  same  length 
of  the  coil,  as  occurring  when  the  plunger  is  about  half-way 
in ;  and  of  the  differential  action  of  the  two  coils  in  the 
above  case,  as  being  simply  due  to  the  difference  between 
the  ampere  turns  of  the  two  separate  coils. 

Experiments  with  Rotating  Brush  Method  of  producing 
variation  of  potential  and  so  of  current  in  the  solenoid  coils. 
The  diagram  of  connections  is  shown  in  Fig.  i.  The  dotted 
line  connection,  with  voltmeter  in  circuit,  shows  the  method 
by  which  the  distribution  of  potential  around  the  commu- 
tator was  obtained,  giving  what  Sylvanus  P.  Thompson  has 
called  the  integrated  curve  of  potentials.  The  ordinates  of 
this  curve  (shown  on  line  E  of  the  plotted  results)  at  any 
position  of  the  rotating  brush  around  the  commutator, 
gives  the  total  or  integrated  potential  from  the  fixed  brush 
terminal  up  to  that  point.  The  machine  used  in  the  experi- 
ment was  a  one  horse-power  motor,  separately  excited  and 
run  as  a  dynamo,  at  about  2,600  revolutions  per  minute 
(normal  speed,  2,750).  The  equal  resistances  A^'  and  R"  were 
introduced  in  the  external  circuit,  which  showed  about 
forty-five  volts  and  eight  amperes  when  the  rotating  brush 
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was  off  the  commutator.  Owing  to  small  variations  in  the 
speed  of  driving  pulley,  and  slight  unsteadiness  of  the 
exciting  current  supplied  to  the  field  coils,  there  were  slight 
variations  in  the  external  circuit  of  the  machine.  The  com- 
mutator had  forty  bars,  and  readings  were  taken  with  the 
rotating  brush  successively  on  each  bar. 

Tivo  Sets  of  Experiments  were  made  with  this  rotating 
brush  combination  : 

(i)  With  the  two  coils  of  the  solenoid  operated  as  a  dif- 
ferential coil-and-plunger,  of  which  the  results  are  plotted 
on   Sheet  I. 


-  L      - 

.-   . 

-   i.  .. 

-  -       ..._.-, 

.  . 

.  J 

(T 

fj 

M' 

/JJ-      IW      2iiS- 

Fig.  2. 

:'/tj 

.ur 

Jto 

Fic;.  I. 
Diagram  of  connections,  and  successive  positions  of  plunger. 

(2)  With  the  two  coils  operated  as  separate  solenoids 
with  opposing  magnetic  fields,  of  which  the  results  are 
plotted  on  S//eet  II. 

The  effective  amperes,  line  />,  and  effective  volts,  line  iV, 
were  obtained  for  the  different  points  around  the  cmnmn- 
tator  by  subtracting  the  corresponding  ordinates  of  the 
curves  on  lines  A  and  C,  respectively.  The  portion  of  these 
curves  B  and  D,  on  Sheet  /,  between  81°  and  261°;  and  on 
Sheet  II,  between  72^  and  270° — represent  negative  values, 
corresponding  more  or  less  to  the  variations  of  potential  and 
Vol.  CX.XXIIl.  •  ai 
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of  ampere-turns  chiefly  effective  in  the  bottom  coil  //,  while 
the  remaining  portions  of  B  and  D  represent  the  positive 
values,  which  are  chiefly  effective  in  the  top  coil  /. 

The  curve  on  line  E  (the  same  on  each  sheet)  represents 
simply  the  variations  of  the  integrated  curve  of  potentials, 
when  there  was  no  external  circuit  to  the  machine. 

The  curves  on  lines  F  and  G  represent  the  paths  of  the 
movement  of  the  centre  of  the  2*25  inch  plunger,  under 
maximum  pull — the  former,  F,  when  the  maximum  pull  is 
upward  from  bottom  coil  //  towards  top  coil  /;  and  the 
latter,  G,  when  the  maximum  pull  is  in  the  opposite  direc- 
tion, from  /  toward  //. 

Line  H  represents  the  successive  positions  of  the  2*25 
inch  plunger  when  in  zero  position  of  static  equilibrium 
between  the  electro-magnetic  stresses  of  the  fields  of  coils 
/  and  //. 

The  curv^es  on  lines  iTand  J/ represent  the  maximum  pull 
in  each  direction ;  on  K,  the  upward  pull,  from  coil  // 
toward  /;  and  on  M,  the  downward  pull,  from  coil  /toward 
//. 

Fig.  2  shows  the  movement  of  the  position  of  maximum 
downward  pull,  as  indicated  on  line  G,  of  Sheet  /,  the  heavy 
lines  diagrammatically  represent  the  successive  positions 
of  the  plunger. 

The  Movement  of  the  Plunger  is  brought  about  by  the 
effort  of  its  iron  core  to  embrace  the  greatest  possible  num- 
ber of  lines  of  force;  and,  therefore,  so  to  place  itself  that  it 
shall  have  the  maximum  induction,  and  shall  cause  the 
least  deformation  of  the  magnetic  circuits.  When  it  is  in 
a  zero  position  between  the  two  coils,  it  exerts  no  pull  and 
has  no  tendency  to  move  into  one  or  the  other  of  the  coils  ; 
and,  if  external  force  is  applied  to  move  it  out  of  this  posi- 
tion, it  will  return  unto  it  again  when  that  external  force  is 
Temoved — coming  back  to  rest,  as'  it  were,  in  a  position  of 
more  or  less  stable  equilibrium.  This  position  falls  within 
the  two  coils,  as  an  interior  position  of  zero  pull;  and 
between  it  and  the  exterior  positions  of  zero  pull  of  each 
coil,  respectively,  there  occur  the  positions  of  maximum  pull 
in  each  direction.     These  have  also  a  movement,  somewhat 
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similarly  phased  to  that  of  the  zero  position.  Though  the 
plunger  was  stationary  when  readings  were  taken  at  each 
point,  it  will  be  seen  that  the  movement  of  the  rotating 
brush  would  cause  a  reciprocating  motion  of  the  plunger 
in  a  fixed  two-coil  solenoid.  If  the  plunger  is  under  the 
action  of  no  external  forces,  or  of  balanced  external  forces, 
— being  then  free  to  move,  along  with  the  movement  of  the 
position  of  maximum  induction,  or  position  of  equilibrium, 
— it  will  move  more  regularly  in  unison  with  the  rotating 
brush,  when  the  two  coils  are  operated  together  as  a  differ- 
ential coil-and-plunger  (line  //,  of  Sheet  II),  than  when  they 
are  working  against  each  other. 

The  peculiarity  of  the  second  combination  is  shown  on 
line  //,  Sheet  II.  The  position  of  equilibrium  is  remark- 
ably steady  at  each  end  of  the  stroke.  But  just  before 
beginning  the  down-stroke,  from  117°  to  135°,  it  takes  a 
sudden  stroke  backward,  and  then  very  rapidly  plunges 
forward  to  its  new  and  temporarily  settled  position  of 
equilibrium,  at  135°. 

From  Sheet  /,  it  appears  that  the  plunger  passes  from 
one  end  of  its  stroke  to  the  other  as  the  effective  volts 
and  ampere-turns  pass  from  positive  through  zero  to  nega- 
tive values — corresponding  to  the  resultant  induction  pass- 
ing from  a  decreasing  positive  to  an  increasing  negative 
effect  on  the  plunger.  But  Sheet  II  shows  a  remarkable 
displacement  of  this  position  of  the  reversal  of  the  resultant 
magnetizing  effect  of  the  two  coils ;  from  72°  the  plunger 
is  pushed  farther  into  coil  /,  as  its  induction  decreases 
while  that  of  coil  //  increases,  till  the  effect  of  the  latter 
completely  overcomes  that  of  the  former,  and  pulls  the 
plunger  most  completely  within  its  own  range  of  action 
from  126^  to  135°.  The  reverse  operation  occurs  Tn .ni  2jg'^ 
to  288°  but  it  is  not  so  marked  as  in  the  former. 

The  movement  of  these  points  of  zero  as  well  as  of 
maximum  pull  will  be  ver}'  much  affected  by  the  character 
of  the  pulsating  current  supplied  to  the  coils;  the  counter- 
electromotive  force  induced  in  the  solenoid  coils,  and  the 
variation  of  this  with  \\\q  rapidity  of  reciprocation  ;  the 
character  of  the  return-path  for  the  lines  of  force,  whether 
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through  air  or  iron :  and,  if  through  iron,  upon  how  it  is 
disposed,  whether  in  the  simple  iron-clad  construction  of 
an  external  shell,  or  in  addition  to  this  an  internal  shell,  as 
in  the  Ayrton  and  Perry^  tubular  iron-clad  electro-magnet. 

Balance  of  the  Electro-magnetic  Stresses  of  the  magnetic 
fields  of  the  two  coils  might  be  effected  by  a  combination 
which  would  produce  an  equal  fall  of  magnetomotive-forces 
at  the  centre  of  the  plunger,  much  in  the  same  way  as  is 
now  done  in  balancing  the  Wheatstone  bridge,  by  arranging 
the  resistances  of  the  arms  so  as  to  cause  an  equal  fall  of 
electro-motive  forces  at  the  terminals  of  the  indicating 
galvanometer. 

But  balancing  electro-magnetic  stresses  is  a  much  more 
difficult  and  delicate  matter  than  that  of  the  fall  of  poten- 
tial in  the  arms  of  a  Wheatstone  bridge.  Any  applica- 
tion of  the  principle  of  this  two-coil  solenoid  in  a  measuring 
instrument  would  require  a  careful  determination  of  the 
combined  effect  of  the  several  variable  resistances  in  the 
path  of  the  magnetic  circuit,  chiefly  made  up  of  the  air- 
gap  resistance  and  the  variable  reluctance  of  the  iron  core. 
Also  the  slightest  movement  of  the  plunger  into  or  out  of 
the  resultant  field  of  force,  of  the  two  coils,  produces  a  varia- 
tion in  the  line-integrals  of  both  of  these  resistances.  As  it 
is  not  possible  to  eliminate  the  variation  of  the  magnetic 
resistance  with  the  variation  of  magnetization,  it  is  neces- 
sary to  make  the  air  resistance  constant  by  a  fixed  air-gap, 
as  in  the  dynamo. 

The  Stability  of  the  Electro-magnetic  Equilibrium  of  the 
plunger,  in  this  two-coil  solenoid  mechanism,  depends  upon 
the  way  the  two  coils  are  operated,  whether  producing 
magnetic  fields  working  with  or  against  each  other.  In 
the  former  case  the  plunger  is  practically  under  the 
influence  of  one  field,  having  a  movable  position  of  maxi- 
mum induction,  whose  movement  follows  closely  that  of  the 
rota-ting  brush  ;  but  if  for  any  one  position  of  equilibrium, 
the     plunger    be    drawn    aside    into    one    or     the    other 


*  For  this  and  other  typical  forms,  see  Sylvanus  P.  Thompson's  work  on 
J  he  FJectro- magnet. 
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coil,  and  then  released,  it  will  slowly  resume  its  former 
normal  position  of  zero  pull;  the  electro-maj^netic  equili- 
brium is  stable.  In  the  latter  case,  however,  there  is  unsta- 
ble equilibrium  of  the  plunger  under  the  action  of  opposing 
electro-magnetic  stresses ;  for  a  slight  movement  of  the 
plunger  into  one  of  the  coils,  from  its  zero  position,  will  so 
far  bring  it  into  the  field  of  maximum  induction  of  that 
coil,  as  to  cause  it  to  take  some  new  position,  where  it  can 
best  complete  the  magnetic  circuit  of  that  coil  under  whose 
influence  it  is  now  brought.  In  stable  equilibrium,  the 
plunger  is  wholly  within  the  range  of  action  of  the  one 
magnetic  circuit  of  the  two  solenoids  acting  (differentially) 
as  one  coil.  In  unstable  equilibrium,  the  plunger  is  partly 
within  the  range  of  action  of  each  of  the  two  opposing  mag- 
netic circuits,  so  that  almost  the  slightest  movement  will 
send  it  rushing  into  the  one  or  the  other  coil,  in  order  to 
get  into  the  position  where  it  will  have  the  maximum 
number  of  lines  of  induction  passing  through  it.  More- 
over, line  //,  Sheet  I,  shows  the  stable  equilibrium  to  be 
almost  constant  in  its  character;  while  that  of  Slieet  If 
shows  the  unstable  equilibrium  to  be  variable,  from  the 
least  instability  when  the  electro-magnetic  stresses  differ 
most,  at  o^  and  180° — to  that  of  greatest  instability  when 
these  stresses  are  nearly  equal,  45^^  to  135°,  and  about  270"^. 
Industrial  .  \pplications  of  this  Two-coil  Solenoid  Mechanism 
vary  with  the  character  of  the  work  to  be  done.  For  pumps, 
reciprocating  machine  tools,  and  like  operations,  where  a 
steady  forward  or  return  stroke,  or  both,  is  required,  the 
differential  coil-and-plunger  of  the  first  combination  is  most 
useful.  The  electro-magnetic  stresses  are  nearly  constant, 
resulting  from  a  more  nearly  uniform  intensity  of  mag- 
netizaticm  of  the  plunger  core,  and  giving  greater  maximum 
pull  with  less  variation  than  in  the  second  case.  For 
quick-return  motion  of  the  plunger,  in  machine-tool  work, 
the  rotating  brush  may  easily  be  moved  around  morew rap- 
idly in  one  portion  of  its  rotation  than  in  the  remaining 
portion,  giving  the  plunger  a  definite  ratio  of  advance  to 
return,  as  in  the  Whitworth  and  other  ciuick-return  motions. 
xFor  electro-magnetic  forging,  whetlur  In-  a  dirrct  hammer 
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blow,  or  by  the  drop-forgoing  process,  riveting,  rock  drilling, 
and  like  operations  requiring  a  definite  hammer  blow,  the  two 
coils  may  be  connected  up  in  opposition  to  each  other,  as  in 
the  second  case.  To  develop  greater  power  in  the  one 
stroke  than  the  other,  adjustable  external  resistances  may 
be  used,  strengthening  one  magnetic  field  and  weakening 
the  other  to  suit  the  circumstances  of  the  work;  and  in 
many  cases  diminishing  the  wear  and  tear  on  the  machine 
due  to  the  shock  of  the  return  stroke.  But  the  loss  of  cur- 
rent caused  by  this  arrangement  may  be  obviated,  by  wind- 
ing one  or  the  other  of  the  two  coils  in  sections  connected 
up  in  parallel,"^  so  increasing  the  ampere-turns  at  either  end 
to  anv  desirable  extent. 


Note. — The  author  expresses  to  the  following  students 
in  the  Department  of  Electrical  Engineering  his  many 
obligations  for  valuable  assistance:  Mr.  F.  McS.  Thomas, 
for  constructing  the  solenoid  mechanism;  Messrs.  T.  M. 
Brown,  W.  R.  Molinard  and  J.  B.  Scott,  for  arranging  the 
dynamo  details ;  and  Messrs.  L.  M.  Aspinwall,  H.  W.  Frye, 
H.  Pattison,  A.  J.  Rowland  and  R.  I.  Todd,  for  observations. 


CORRESPONDENCE. 


Thk  dyke  at   the   head  of  PEA    PATCH    ISLAND,    DELAWARE 

RIVER. 
To  th  ■  G>)nmittee  on  Publications  : 

Gentlp:men:  With  reference  to  the  admirable  lecture  of  Capt,  F.  A. 
Mahan,  Corps  of  Engineers  U.  S.  A.,  on  "  Philadelphia  as  a  Seaport,"  pub- 
lished in  your  last  issue,  it  may  interest  some  of  your  readeis  to  know  that 
the  dyke  to  be  constiucted  at  the  head  of  lea  Patch  Island  above  Fort 
Delaware,  for  the  improvement  of  Bulkhead  Shoal,  is  a  departure  from  the 
dyke  proposed  for  the  same  locality  by  the  Board  of  Engineers  of  1885, 
approved  by  the  Chief  of  Engineers  United  States  Army  ;  and  that  the  new 
dyke  was  proposed  by  the  writer  in  April,  1890,  while  yet  in  the  United  States 
Lr  gineer  Office  at  Philadelphia. 

The  dyke  proposed  by  the  Board  of  Engineers  was  a  curved  dyke, 
presenting  its  concavity  toward  the  Jersey  shore,  and  its  location  with  refer- 


*  The  use  of  regulating  resistances  and  of  multiple-sectioned  coils  in  this 
mechanism   are  set  forth   in   the   United  States  Patent  (Van  Depoele),  No 
422.855.  of  March  4,  1890. 
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ence  to  the  currents  was,  in  the  opinion  of  the  writer,  not  well  calculated  to 
produce  the  desired  effect  upon  the  shoal. 

When  Major  C.  W.  Raymond,  Corps  of  Engineers,  took  charge  of  the 
office  in  Philadelphia,  in  the  spring  of  1890,  the  assistant  engineer,  Mr.  L. 
Y.  Schermerhorn,  brought  before  the  writer  the  question  of  the  improvement 
of  Bulkhead  Shoal,  and  in  the  discussion  which  ensued,  the  writer,  with  the 
light  of  his  several  years  of  observations  and  studies  of  the  behavior  of 
tidal  currents  on  the  Delaware  River,  in  which  he  had  been  exclusively 
engaged,  demonstrated  the  inefficiency  of  the  dyke  proposed  by  the  lioard 
and  expounded  the  project  of  the  new  dyke,  known  as  the  west  dyke,  which 
Capt.  Mahan  ably  and  succinctly  describes  in  his  lecture  as  a  dyke  "to  begin 
at  the  head  of  Pea  Patch  Island  and  extend  up  stream.  Its  middle  and 
lower  parts  are  intended  to  train  the  flood  currents  on  the  bar  and  prevent 
the  westward  movement  of  the  flood  channel,  while  the  upper  is  to  catch  part 
of  the  ebb  down  the  Delaware  channel." 

This  d>ke  is  also  a  curved  dyke,  but  instead  of  presenting  its  concavity 
toward  the  Jersey  shore,  presents  it  toward  the  Delaware  shore  with  the 
important  features  described  by  Capt.  Mahan, 

As  soon  as  the  assistant  engineer,  Mr.  Schermerhorn,  became  converted 
to  the  new  dyke,  he  look  it  upon  himself  to  convert  Major  Raymond,  who 
at  first  opposed  it  and  finally  became  enamored  of  it  to  the  extent  of  meeting 
the  natural  opposition  of  the  Board  of  Engineers.  It  was  at  this  time  that 
the  writer  was  suddenly  notified  that  his  services  for  reasons  of  economy 
would  have  to  be  dispensed  with,  and  was  given  about  one  month  and  a 
half  to  leave.  He  left,  however,  one  month  sooner,  with  loss  of  his  salary 
and  not  a  word  on  official  record  about  the  whole  matter. 

Mr.  Raymond  succeeded,  in  his  turn,  in  convincing  the  Board  of  Engineers 
of  the  superiority  and  merits  of  the  new  dyke  he  had  espoused,  and  received 
the  approval  of  his  chief. 

There  has  been  before  this  no  occasion  given  to  put  the  above  facts  on 
record,  and  the  writer  is  glad  to  do  it  now  befor:  the  new  dyke  is  pronounced 
either  a  success  or  failure.  L.  d'AuKiA. 


BOOK    NOTICES. 


Ktfctricity  and  its  Rt-ient  Appiiiiitionn.    Edward  Trcvert.     Bubier  Publishing 
Company,  Lynn,  Mass. 

This  is  the  fifth  book  upon  electrical  subjects  by  this  author,  and  as  his 
style  is  so  well  known  it  need  not  be  referred  to  ag.iin.  A  great  many  hooks 
have  recently  appeared,  purportmg  to  disclose  the  mysteries  of  electrical 
phenomena  to  the  youthful  and  ignorant,  and  to  tell  them  how  to  make  and 
use  dynamos,  motors,  batteries  and  sundry  apparatus.  Doubtless  such 
hooks  have  a  field,  and  this  latest  one  is  simply  another  addition  to  the  num- 
ber. It  is  very  easy  reading,  not  requiring  much  thought,  except  where  it  it 
impossible  for  the  subject-matter  to  be  made  intelligible  to  beginners  anyway. 
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and  in  fact  it  does  not  attempt  to  elucidate /r/;z^z))/i?^  at  all,  but  to  explain 
ephemeral  apparatus  so  that,  without  much  effort,  the  reader  can  get  a  smat- 
tering familiarity  with  some  of  the  most  prominent  applications  of  electricity, 
and  be  told  how  to  make  some  pieces  of  apparatus  and  perform  some 
experiments. 

The  book  opens  with  the  misleading  statement  that  "  electricity  and 
magnetism  are  very  closely  related,  electricity  producing  magnetism,  and 
magnetism  producing  electricity,"  Being  coexistent  they  can  hardly  be 
said  to  produce  each  other.  A  few  pages  of  dissertation  follow  upon  some 
experiments  with  magnets  and  iron  filings,  although  the  reader  is  left  almost 
entirely  in  the  dark  as  to  the  principles  involved,  and  yet  without  further 
elucidation  he  is  required  to  read  under  the  chapter  "  Field  Magnets  "  about 
"magnetic  fields,"  "electro-magnets,"  "to  vary  the  intensity  of  magnets," 
etc.,  and  is  expected  to  understand  what  he  is  reading,  and  to  understand 
the  various  forms  of  field  magnets  which  are  shown  with  but  slight 
reference ;  after  which  some  attempted  explanations  are  given  about  the 
design  of  magnets  and  armatures !  How  beginners  are  to  understand  the 
design  of  magnets  and  armatures  without  having  been  given  the  first  prin- 
ciples, it  is  difficult  to  perceive.  So  also  in  the  first  chapter,  after  a  few  remarks 
about  the  time-honored  amber  experiment,  the  reader  is  at  once  confronted 
with  the  complicated  Holtz  and  Toeppler  machines,  which  are  again  erro- 
neously called  "frictional  machines"  and  which  scarcely  one  reader  in  1,000 
will  understand.  Yet  six  pages  are  devoted  to  it  in  this  book  for  amateurs 
and  beginners. 

The  second  chapter  is  devoted  to  "Voltaic  Batteries"  and  with  but  a 
feeble  introductory  explanation  of  the  action  of  cells,  some  of  the  more 
modern  cells  are  explained  and  directions  given  for  constructing  them  and 
for  setting  them  up,  although  most  of  this  is  put  into  the  chapter  on  "  Gas 
Lighting  Apparatus." 

In  the  brief  discussion  of  "storage  batteries"  the  reader  is  impressed 
with  "  the  possibility  of  storing  electricity  If  "  And  no  attempt  is  made  to  set 
him  right.  The  terms  "current,"  "resistance,"  "amperes,"  "ohms,"  "volts," 
etc.,  are  used  freely  in  this  chapter  though  no  explanation  is  given  of  what 
these  terms  mean  ;  some  calculations  of  the  number  of  cells  required  to  run 
a  lamp  are  given,  though  the  reader  has  not  even  been  told  of  the  relation 
existing  between  the  quantities  involved. 

And  so  all  through  the  book  there  occur  some  explanations  of  apparatus, 
but  no  attempt  at  a  logical  presentation  of  fundamental  principles,  but  on 
the  contrary  many  misleading  statements  and  obsolete  definitions. 

The  volume  closes  with  an  "  illustrated  dictionary  of  electrical  terms  and 
phrases"  of  twelve  pages  and  seven  illustrations;  many  of  the  definitions 
contained  in  it  are  unfortunately  as  unintelligible  and  perplexing  as  the 
fcUowing:  "Potential:  Power  to  do  work;"  "Condenser:  An  apparatus 
for  collecting  and  holding  electricity  ;"  "  Electrode  :  A  pole  of  a  battery  ;" 
"Pole:  The  pole  of  a  battery  is  one  of  its  terminals ;"  "Terminal:  The 
point  at  which  the  electricity  enters  or  leaves  an  electrical  apparatus,"  thereby 
informing  the  reader  who  wishes  to  know  what  an  electrode  is,  that  it  is  "the 
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point  at  which  electricity  enters  or  leaves  an  electrical  apparatus."  Yet  in 
the  preface  is  found  the  statement  that  "  there  seems  to  be  a  demand  for 
more  information  *  *  *  particularly  among  amateurs  and  students.  For 
this  reason  I  add  this  one  to  the  lisi  *  *  *  and  confined  myself  to  facts, 
rather  than  theory."  ! ! 

Many  excellent  pictures  of  some  modern  commercial  apparatus,  mostly 
from  trade  publications,  are  shown,  which  serve  their  purpose  well  in  inter- 
esting the  amateur  reader  who  does  not  see  the  electrical  journals,  but  many 
of  the  illustrations  are  merely  photo-engravings  of  extremely  bad  sketches, 
for  instance  those  on  pp.  178,  180,  185,  and  others,  and  it  is  surprising  that 
such  bad  ones  were  ever  permitted  to  appear  in  print. 

There  is  no  index  to  the  book  and  no  pages  given  in  the  contents,  neither 
is  there  the  slightest  intimation  at  the  top  of  the  page,  of  the  subject  of  the 
chapter,  so  that  the  reader  is  obliged  to  look  from  page  to  page  should  he 
wish  to  find  a  certain  chapter,  or  look  up  a  certain  subject.  It  is  most  extra- 
ordinary how  careless  and  regardless  of  the  convenience  of  readers  some 
authors  and  publishers  are  in  matters  of  this  kind. 

For  anyone  wishing  to  read  a  little  descriptive  matter  about  batteries, 
dynamos,  lamps,  etc.,  and  \iOfi  to  put  up  and  operate  electric  bells  and  gas- 
lighting  apparatus,  and  to  make  dynamos  or  motors,  this  book  may  prove 
useful,  but  for  those  seeking  explanation  of  principles, 'and  of  the  terms  and 
quantities  involved,  it  will  be  utterly  useless. 

It  is  to  be  regretted  that  so  many  so-called  "  practical  "  or  "  amateur  " 
treatises  make  the  serious  mistake  of  not  adopting  the  very  first  essential 
principles  of  education  in  the  methods  of  presenting  a  subject,  dealing  as 
they  purpose  doing,  with  amateurs  and  persons  of  little  education.  They 
are  not  to  be  criticised  for  endeavoring  to  enlighten  the  unenlightened  ; 
that  is  a  worthy  object,  but  they  do  not  put  their  readers  on  any  solid  foun 
dation,  but  turn  them  loose  among  kaleidoscopic  views  of  machines  and 
appliances  and  alluring  temptations  of  making  dynamos,  motors,  etc., 
yielding  to  which  generally  ends  in  disappointment,  and  also  allow  them  to 
form  the  most  erroneous  notions  about  the  simplest  phenomena.     H.  S.  H. 


Duhem,  charge  d'un  cours  compk'mentaire  de  Physique  malhcmaliquc 
ct  de  Cristallographie  a  la  Faculic  des  Sciences  de  Lille.  h\oni  sur 
r Elt'ctriiitir  ft  If  Afui^ftitisnir.  3  volumes  grand  in-8,  avcc  figures  dans 
letexte.se  vendant  st'[)arcment.  l*ari?> :  (iaulhier-\'illars  et  fils.  iH«^i. 
Tome  I  :  Conducteurs  a  I'clat  permanent.     1891.      16  fr. 

The  aim  of  the  author  of  this  work,  as  stated  in  the  preface,  has  been  10 
assemble  in  definite  form  and  logical  sequence  the  results  of  almost  a  century 
of  mathematical  investigation  of  the  laws  of  electricity  and  magnetism,  carried 
on  by  the  leading  specialists  of  all  countries. 

The  first  part  of  the  present  volume  is  devoted  to  a  study  of  the  funda- 
mental laws  of  the  electrical  equilibrium  and  of  the  best  mathematical 
methods  of  dealing  with  the  phenomena  of  electro-static^.  Heginnmg 
with  the  laws  of  Dufay  and  Coulomb,  the   properties   of  pi)tcntial   at    point* 
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external  and  internal  to  a  given  system  are  taken  up,  together  with    the  laws 
governing  surface  charges  in  masses  of  different  size  and  form. 

Part  2  contains  much  of  value  regaraing  the  distribution  o*"  electricity  in 
conducting  bodies,  wiih  ample  mathematical  treatment  of  the  laws  of  equili- 
brium. In  Chapter  5  the  Dirichlet  principle  and  the  so-called  problems  of 
Le  jeune  Dirichlet  are  given  interesting  treatment.  It  is  shown  that  the  prob- 
lems are  really  but  another  form  of  a  problem  proposed  by  Green,  in  1828. 
In  1839,  Gauss  also  stated  an  equivalent  problem,  and  in  1845,  Sir  W. 
Thomson  stated  still  another  form  of  the  problem,  showing  by  a  method 
analogous  to  that  of  Gauss  that  it  was  always  capable  of  one  solution.  The 
scope  of  the  Dirichlet  principle  is  shown  and  the  weak  points  of  Le  jeune 
Dirichlet's  demonstration  indicated  in  a  forcible  manner.  In  logical  order  we 
find  the  laws  of  the  natural  distribution  of  electricity  on  a  conducting  body, 
with  an  exposition  of  the  elegant  method  of  M.  G.  Robin  for  determining  the 
same. 

The  third  part  consists  of  experimental  studies  of  electrical  distribution, 
examples  of  various  cases  of  electrical  influence  and  special  classes  of  con- 
densers being  given  with  their  complete  treatment.  Green's  problem  with 
solutions  by  his  own  method  and  that  of  Gauss,  with  Dirichlet's  application, 
are  taken  up  in  Chapter  5  along  with  the  theorems  of  Faraday  and  their 
applications  to  questions  of  electrical  influence. 

Part  4  takes  up  thermodynamics,  showing  certain  theorems  forming  a 
bond  between  this  branch  and  mechanics.  Book  10  treats  of  the  fundanriental 
laws  of  electrical  equilibrium  in  metallic  conductors,  z.  ^.,  in  a  system  com- 
posed of  conductors  in  which  the  electrical  distribution  can  be  modified  without 
modifying  the  physical  or  chemical  state  ot  any  one  of  them.  Chapter  4  takes 
up  the  law  of  Ohm,  and  is  followed  by  the  proof  of  this  law  in  conductors 
of  special  forms.  The  interesting  geometrical  treatment  given  shows  as  its 
result  the  absolute  solution  of  the  movement  of  electric  currents  in  conduc- 
tors of  the  form  of  a  plate,  knife  section,  curved  knife  section,  etc.  The  law 
of  Joule  is  stated  with  a  great  number  of  hypotheses  in  connection  therewith. 
The  electrical  equilibrium  in  a  conductor  composed  of  different  metals  is 
shown  as  affected  by  the  laws  of  thermodynamics.  The  Peltier  effect  is 
studied  in  Chapter  8,  and  in  the  two  remaining  chapters  the  conditions  under 
which  thermo-electric  currents  are  produced  are  considered  together  with  the 
Thomson  effect. 

The  final  book  of  the  volume  is  given  up  to  electrolytes  with  the  laws  of 
Faraday.  The  distinction  between  chemical  and  voltaic  heat  is  shown  with 
the  relation  established  by  M.  von  Helmholtz  between  the  two  and  the  elec- 
tromotive force  of  a  hydro-electric  battery. 

The  work,  as  a  whole,  cannot  be  regarded  as  a  compendium  of  theories, 
but  rather  as  a  treatise  on  the  theories  of  electricity  and  magnetism.  The 
author  realizes  the  demand  that  exists  in  this  as  in  other  branches  of  the 
science,  namely,  for  text  books  which  shall  embrace  under  one  cover  the 
results  of  the  study  and  experiment  of  the  leading  philosophers  of  all  coun- 
tries, and  to  meet  it  has  collected  all  available  matter  from  reviews,  scientific 
papers  and  works  published  in  all  languages.     Having  arranged  his  subjects 
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in  logical  order  he  has  crystallized  upon  this  framework  the  ideas  that  seemed 
most  prolific  and  desirable. 

The  author  has  made  a  novel  and  daring  departure  for  the  usual  methods 
of  treating  the  theoretical  study  of  the  phenomena  of  the  science.  He  borrows 
from  "  Mechanics"  and  "Thermodynamics"  certain  well-proven  principles 
and  theorems,  and  about  these  groups  all  the  important  and  prolific  theories 
of  electricity.  While  these  principles,  as  ordinarily  evolved,  are  sufficient  to 
meet  the  problems  of  physics,  it  is  necessary  to  surround  them  by  so  many 
restrictions,  conditions  and  hypotheses  to  meet  the  complex  cases  offered  by 
electric  theories,  that  the  undertaking  is  a  serious  one. 

The  writer  has  therefore  chosen  a  new  course,  and  instead  of  first  showing, 
as  would  logically  be  necessary,  the  manner  in  which  these  principles  may  be 
used  to  classify  the  theories  to  be  studied,  he  shows  the  bond  as  the  study 
proceeds. 

The  definitions  given  are  original  and  clear  without  being  lengthy.  The 
nomenclature  adopted  is  supported  by  good  reasons,  and  is  not  to  suit  the 
author's  convenience  or  fancy.  The  mathematical  methods  are  satisfactory, 
complete  and  logical. 

The  treatment  of  metallic  conductors,  both  homogeneous  and  heteroge- 
neous, with  the  application  of  the  laws  of  the  thermodynamics  to  these  con- 
ductors, is  very  complete,  and  undoubtedly  the  most  extensive  and  thorough 
up  to  date. 

The  chapters  upon  electrolytes  are  rather  brief,  although  they  cover  many 
useful  propositions  relating  to  open  and  closed  circuit  batteries  both  polarizable 
and  non-polarizable.  If  one  considers,  however,  to  what  extent  they  would 
lead  were  the  same  methods  employed  as  for  metallic  conductors,  this  is  not 
surprising. 

No  attempt  is  made  to  introduce  any  of  the  usual  matter  relating  to  the 
measurement  of  current  strength,  etc.,  nor  anything  regarding  the  instru- 
ments used.  The  work  is  not,  in  fact,  calculated  for  the  use  of  the  practical 
or  experimental  electrical  engineer  as  a  manual,  but  rather  as  a  treatise 
which  shall  show  the  bonds  uniting  the  various  electrical  theories,  and  the 
scope  and  extent  of  these  theories.  C.  J.  R. 


A  Manual  of  Minini:.     By  M.  C.  Ihlseng,  C.E..  K.M..  I'h.I).     Pp.  428.     8vo. 
Cloth.  $4.     New  S'ork  :  John  Wiley  «S:  Sons. 

This  IS,  we  believe,  the  first  work  of  the  kind  published  in  this  country, 
and  as  the  literature  of  mining  in  the  Knglish  language  is  singularly  scam, 
it  makes  a  most  welcome  addition. 

As  a  textbook  on  the  art  of  mining  it  does  not  comi)are  favorably  with  the 
German  works  of  Scrlo,  Kohlcr,  or  even  with  the  French  of  Callon. 

The  author  has  unfortunately  attempted  to  cover  too  much  in  a  small 
volume,  and  as  a  conscq  '^nce  many  of  the  most  important  parts  of  h«s  sub- 
ject are  treated  in  a  supcriicial  manner;  indeed,  this  is  so  far  true  that  unless 
the  reader  has  had  some  experience  in  mining,  the  book  would  not  be 
entirely   intelligible.     The  book  is  unevenly  written,  some  of  the  chapters 
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being  better  than  others.  Those  on  ventilation,  it  should  be  said,  are  par- 
ticularly good.  The  author  states  in  the  preface  "  the  work  is  designed  as 
an  elementary  treatise  for  the  use  of  those  desiring  a  reference  book."  The 
book  does  not  conform  to  this  description,  for  the  reader  is  met  at  every  turn 
with  terms  and  expressions  which  would  require  considerable  previous 
knowledge  of  mining  on  his  part  to  be  intelligible. 

On  the  whole  the  book  is  a  good  one.  It  contains  much  valuable  practical 
information  and,  therefore,  forms  a  valuable  contribution  to  the  literature  of 
the  subject.  It  is  to  be  regretted  that  it  is  not  better  written  ;  the  author's 
style  is  often  involved,  rendering  his  meaning  obscure  ;  his  English  lacks 
clearness,  and  the  interjection  of  the  slang  of  the  mining  districts  of  our  far 
West,  cannot  be  considered  as  good  form  in  a  work  of  this  character. 

F.  L.  G. 


PHOTOGRAPHIC  NOVELTIES. 


[Abstract  of  remarks  of  Mr.  John  Carbutt  ,made  at  the  stated  meeting  of  the  Institute, Feb. 17,1892.'] 

Mr.  John  Carbutt  exhibited  several  large  and  beautiful   photographs  of 
scenery  on  the  Pennsylvania  Railroad,  taken  on  his  celluloid  orthochromatic 
films,  and  spoke  of  the  advance  in  use  of  that  material,  as  follows  : 
Mr.  Preside7it  and  Members  : 

It  will  be  remembered  by  members  of  the  Institute  that  some  four  years 
since  I  read  a  paper  on  celluloid  as  the  new  substitute  for  glass  in  photog- 
raphy, and  that,  although  the  sheets  of  celluloid  measured  20x48  inches,  the 
largest  negative  made  at  that  time  was  8x  10  inches.  Since  that  time  the 
use  of  that  material  both  by  amateur  and  professional  photographers  has 
greatly  increased,  as  also  the  size  of  negatives  made,  especially  by  the  pro- 
fessional photographers,  notably  Mr.  W.  H.  Rau,  of  this  city,  who,  during 
the  past  summer,  has  made  negatives  of  views  on  the  line  of  the  Pennsyl- 
vania Railroad  of  the  size  18  x  22  inches,  used  flat  in  the  regular  plate-holder, 
and  18x48  inches  used  in  the  panoramic  camera,  but  bent  to  a  half-circle, 
as  shown  by  the  sketch  on  the  blackboard. 

Here  is  one  of  the  flexible  holders  carrying  the  18x48  celluloid  film, 
which  as  you  see  can  be  bent  to  a  half-circle,  which  form  it  occupies  when 
attached  to  the  camera,  the  back  of  which  forms  a  half-circle,  the  front  being 
flat  and  flexible,  allowing  the  lens  to  be  rotated  from  side  to  side  while 
making  the  exposure.  The  lens  used  has  a  focus  of  fifteen  inches,  and  the 
negative  includes  an  angle  of  165°;  whereas  if  it  was  possible  for  a  lens  of 
fifteen  inches  focus  to  cover  a  flat  surface  of  forty-eight  inches,  the  angle 
would  only  be  1 10°. 

The  photographs  here  for  |your  examination  fully  illustrate  how  per- 
fectly the  celluloid  answers  the  purpose  to  hold  the  sensitive  film,  doing 
away  with  both  weight  and  ribk  of  breakage  to  which  glass  is  subject.  One 
of  our  leading  amateurs.  Dr.  Chas.  L.  Mitchell,  made  over  500  8x10  nega- 
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tives  of  Norway  the  past  summer  on  orthochromatic  films,  and  the  use  of 
celluloid  films  is  greatly  on  the  increase  by  travellers,  tourists,  and  the  pro- 
fessional photographer. 

The  second  advance  in  photography  to  which  I  desire  to  call  your  atten- 
tion, relates  to  the  production  of  a  lens  capable  of  giving  a  greatly  magnified 
image  of  an  object  at  a  great  distance  from  the  camera,  and  is  called  the 
photo-tele  objective.  Ur.  Miethe,  of  Berlin,  and  Mr.  T,  R.  Dallmyer.  of 
London,  both  claim  originality  in  the  construction  of  the  lens,  but  it  appears 
both  were  anticipated  several  years,  for  in  the  British  Jourjial of  Photography, 
of  January  29th,  this  year,  Dr.  Hugo  Schroeder  gives  dates  and  drawings  of  a 
photo-tele  objective  constructed  by  him  in  1869-70,  and  I  have  in  my 
possession  the  amplifier  constructed  in  1869,  by  the  late  Mr.  Joseph  Zent- 
mayer,  for  Prof.  Henry  Morton,  and  attached  to  the  telescope  used  in  taking 
photographs  of  the  eclipse  of  1869.  The  sun's  direct  image  was  thus  made 
about  two  and  one-half  inches  in  diameter.  To  Dr.  Miethe,  however,  is  due 
the  credit  of  first  constructing  an  objective  suited  to  the  photographer's  use, 
and  I  will  now  show  on  the  screen,  first  a  view  made  with  the  ordinary 
objective,  and  then  one  by  the  new.  Now  I  will  throw  on  the  screen  a  slide 
of  both  pictures  ;  you  readily  see  the  immense  difference  in  the  size  of  the 
same  object,  both  cameras  being  placed  side  by  side,  and  of  about  same 
focal  length.  You  will  observe  the  sign  on  the  building,  taken  by  the  Miethe 
objective  is  about  ten  times  larger  than  the  one  with  regular  photo  lens. 

[By  courtesy  of  the  American  Journal  of  Photography,  the  Journal  is 
enabled  to  exhibit  to  its  readers  the  accompanying  handsome  Ives'  process 
plate  of  the  pictures  referred  to  by  Mr.  Carbutt. — W.] 


Franklin    Institute. 


\_F^oceeding5  of  the  stated  meeting,  held  Wednesday,  March  16,  i8g2.'\ 

Hall  of  the  Franklin   Institute, 

Philadelphia,  March  16,  1892, 

Mr.  Jos.  M.  Wilson,  President,  in  the  chair. 

Present,  103  members  and  seven  visitors. 

Additions  to  membership  since  last  report,  nine. 

The  Secretary  reported  the  resignations  of  Messrs.  \Vm.  Harkness,  Jr., 
and  John  F.  Haskins  from  the  Committee  on  Science  and  the  Arts.  The 
vacancies  were  filled  by  the  election  of  Mr.  Arthur  Kitson  for  the  unexpired 
term  of  Mr.  Harkness,  and  .Mr.  J.  C.  Trautwine,  Jr.,  for  the  unexpired  term 
of  Mr.  Haskins. 

Mr.  F.  Lynwood  (iarrison.  who  had  been  named  as  the  Institute's  repre- 
sentative, to  witness  the  recent  tests  of  armor  plate  made  at  the  Indian 
Head  proving  grounds,  under  the  direction  of  the  Ordnance  Department  of 
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the  Navy,  gave  a  description  of  the  character  of  these  tests,  and  of  the  con- 
clusions to  be  drawn  therefrom,  illustrating  his  remarks  by  the  exhibition  of 
a  series  of  lantern  slides.  (A  report  on  this  subject  will  shortly  appear  in  the 
Journal?) 

Mr.  Elmer  G.  Willyoung  described  an  extensive  and  handsome  series  of 
philosophical  and  engineering  instruments  made  by  Queen  &  Co.,  of  Phila- 
delphia, in  the  construction  of  which  aluminum  is  employed  largely.  Mr. 
Willyoung  explained  that  as  the  result  of  long-continued  experiments,  these 
manufacturers  had  succeeded  in  overcoming  most  of  the  difficulties  in  the 
way  of  working  and  manipulating  aluminum.  The  exhibit  was  much 
admired,  and  the  speaker's  remarks  evoked  a  number  of  inquiries. 

Mr.  H.  W.  Bartol  described  and  illustrated  by  a  series  of  lantern  slides 
the  construction  of  the  Buda  Pesth  electric  railway,  and  gave  an  account  of 
its  principal  features — technical  and  economic.  (A  description  of  this  rail- 
way appears  in  \}ci^  Jounial  iox  February,  1892.) 

Mr.  John  H.  Cooper  presented  an  abstract  of  the  report  of  the  Commit- 
tee on  Science  and  the  Arts,  on  the  Batchellor  compound  locomotive,  manu- 
factured by  the  Rhode  Island  Locomotive  Works,  of  Providence,  R.  I.,  with 
suitable  illustrations. 

Mr.  John  Carbutt  presented  some  remarks  in  relation  to  the  admirable 
results  achieved  by  Mr.  Fred.  E.  Ives,  in  the  field  of  color  photography, 
which,  in  his  judgment,  so  far  as  practical  results  were  concerned,  were  far 
in  advance  of  anything  that  had  as  yet  been  accomplished  elsewhere.  He 
urged  that  it  was  eminently  fitting  for  the  Institute  to  recognize  the  value  of 
the  work  of  one  of  its  own  members,  and  moved  that  the  subject  of  Mr. 
Ives'  investigations  and  results  in  the  field  of  color  photography  be  referred 
to  the  Committee  on  Science  and  the  Arts  for  investigation  and  appropriate 
recognition.     The  motion  was  carried. 

The  Secretary  offered  the  following  resolution,  which  was  adopted  unani- 
mously : 

Resolved,  That  the  grateful  thanks  of  the  Institute  be  and  are  hereby 
tendered  to  Mr.  Fred.  E.  Ives,  in  appreciation  of  the  zealous  and  gratuitous 
services  rendered  by  him  during  a  series  of  years  in  superintending  the  work 
of  lantern  illustrations  at  the  meetings  and  lectures,  which  he  has  done  with 
exceptional  skill  and  ability. 

Adjourned.  Wm.  H.  Wahl,  Secretary. 
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The    development    of    AMERICAN    ARMOR- 
PLATE. 


By  F.  Lynwood  Garrison. 


PREFATORY    NOTE. 

[It  was  the  original  intention  of  the  author  to  contribute 
to  the  Franklin  Institute  the  results  of  the  recent  armor- 
plate  trials  at  Indian  Head,  in  the  form  of  a  report.  Owing, 
however,  to  the  unavoidable  delay  in  publishing  the  con- 
tribution, and  to  the  fact  that  an  excellent  report  of  these 
trials  has  been  published  by  the  Chief  of  the  Bureau  of 
Ordnance  of  the  Navy,  such  a  report  would  appear 
unnecessary. 

His  aim  has  been,  therefore,  to  prepare  a  paper  giving 
a  brief  sketch  of  the  development  of  armor-plate,  together 
with  the  more  important  details  of  the  official  report. 

The  paper  has  been  prepared  from  the  standpoint  of  the 
metallurgist,  rather  than  that  of  the  military  engineer. 
Vol.  CX.WML  32 
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In  the  works  of  Ver}^  and  Orde-Browne  we  have  a  com- 
plete and  excellent  history  of  the  development  and  use  of 
heavy  armor-plates  for  naval  and  military  purposes,  but  in 
these  works  the  metallurgical  side  is  but  lightly  touched 
upon. 

Of  course,  much  might  be  written  upon  the  methods  and 
appliances  used  in  the  manufacture  of  armor-plate,  but  such 
would  seem  more  properly  to  belong  to  the  province  of 
metallurgy,  than  to  a  short  paper  on  the  present  status  of 
armor-plate  in  the  United  States.  At  the  present  time 
great  interest  is  centred  upon  the  use  of  the  complex  steel 
alloys  and  the  methods  used  to  harden  them,  and  it  is  to 
these  subjects  more  particularly  that  the  author  would  call 
attention. 

The  detailed  methods  of  producing  such  alloys  as  well 
as  the  several  methods  for  quenching  and  tempering  armor- 
plate  are  naturally  kept  secret  by  the  steel  manufacture. 

The  results  of  such  operations  are,  of  course,  made 
public  at  the  trials,  and  the  possible  deductions  to  be  made 
therefrom  are  patent  to  every  observing  and  thinking 
engineer. 

The  fact  that  the  author  has  had  exceptionally  good  oppor- 
tunities to  make  such  observations,  he  feels  to  be  a  sufficient 
excuse  for  publishing  his  views  in  the  following  paper.] 

Sir  Thomas  Brassey,  in  his  work  on  The  British  Navy, 
in  speaking  of  armor  and  armor  experiments,*  says :  ''  The 
defensive  armor  with  which  it  has  been  customary  of  late 
to  protect  the  heavy  ships  of  modern  fleets,  may  be  consid- 
ered with  reference  to  its  thickness,  the  material  of  which  it 
is  made  and  the  method  employed  in  its  manufacture." 
Though  ships'  armor  has  been  rarely  subjected  to  the  expe- 
rience of  real  war,  many  questions  referring  to  resisting  power 
of  the  plates  composing  it  have  long  been  experimentally 
settled.  "The  general  question  is  entering  on  a  new  stage; 
and  there  is  now  a  prima  facie  case  for  inquiry,  whether  the 
increased  power  of  armor-piercing  guns  and  the  augmented 

*  London,  1882,  vol.  ii,  p.  3. 
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thickness  of  plates,  as  well  as  the  introduction  of  new  mate- 
rial into  its  composition,  have  not  created  a  set  of  conditions 
which  no  longer  support  previously  received  theories  of 
penetration  and  resistance." 

These  remarks  were  made  in  1882,  and  now,  in  1892,  we 
find  that  with  the  introduction  of  nickel-steel  and  other 
alloyed*  steels  and  with  special  processes  for  increasing  the 
superficial  hardness  of  armor-plates,  the  prediction  is  amply 
sustained. 

One  cannot  but  be  impressed  with  the  fact  that  with 
nearly  every  advance  in  the  naval  arts,  the  demands  placed 
upon  the  metallurgist  increase  more  and  more;  surely  now, 
more  than  ever  before,  the  arts  of  war  must  advance  hand 
in  hand  with  the  arts  of  peace. 

It  seems  eminently  a  prerogative  of  an  institution  like 
the  Franklin  Institute  to  take  an  active  interest  in  the 
efforts  which  our  Government  is  making  to  create  a  modern 
navy ;  surely  there  is  no  body  of  technical  men  in  this 
country  that  can  better  appreciate  such  work  or  give  it 
more  aid. 

In  the  armor-plates  tried  at  Indian  Head,  October  31st 
and  November  14th,  the  author  ventures  to  say  we  have  the 
most  complicated  metallurgical  products  ever  dealt  with  by 
man.  How  little  we  know  of  that  mysterious  alloy  called 
steel,  how  much  less  when  it  is  further  complicated  by 
additions  of  nickel,  copper,  etc.  I 

In  order  that  the  author's  remarks  may  be  more  intelli- 
gible to  persons  in  civil  life,  he  has  deemed  it  proper  to  give 
a  short  sketch  of  the  history  of  protecting  ships  of  war  by 
metallic  armor.  The  subject  is  much  more  extensive  than 
generally  supposed,  and  its  present  advanced  stage  has  only 
been  reached  by  slow  degrees  and  with  a  vast  expenditure 
of  money. 

Although  a  number  of  schemes  for  the  use  of  iron  plates 
to  protect   batteries  and  ships  were  devised  between  the 

*  I  use  the  word  alloyed  here  in  want  of  a  belter  term ;  any  steel 
js  an  alloy  of  iron  and  other  elements,  but  it  has  only  been  with  the  intro- 
duction of  this  new  class  of  steels  that  it  has  been  necessary  to  use  a  com- 
pound word  to  indicate  their  distinctive  characteristics.  G. 
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years   1812  and  1855,*   it  was  not  until  the   Crimean  war 
that  any  practical  results  were  obtained. 

During  the  action  at  Kinburn  the  French  floating" 
batteries,  protected  by  four  and  one-half  inch  iron  plates  on 
seventeen  inches  of  wood  backing,  were  repeatedly  hulled 
by  the  Russian  guns,  with  no  other  result  than  the  denting 
of  the  plates  to  the  extent  of  one  and  one-half  inches.  In 
1857,  foui-inch  iron  plates  and  two-inch  steel  plates,  secured 
by  bolts  to  two  feet  of  oak,  were  tested  at  Woolwich  with 
sixty-eight-pounders  with   unsatisfactory  results.     At   400 


Fig.  I. —  Warrior  target, 
yards  the  plates  were  badly  broken  up  by  both  cast  and 
wrought  shot.f 

In  1 86 1,  a  target  representing  a  section  of  the  side  of  the 
new  iron-clad  ship  Warrior  {Fig.  /),  was  tried  at  Shoeburyness 
with  68-,  100-  and  120-pounders,  with  the  result  that  the  plates 
were  more  or  less  cracked,  but  the  ribs  and  inner  skin  unin- 
jured. The  Warrior  target  was  constructed  of  four  and  one- 
half-inch  solid  iron  plates,  tongued-and-grooved  as  shown  in 
Fig,  I.  The  design  of  the  bolts  should  be  noted,  as  they 
were  vastly  better  than  the  system  used  on  some  of  the 
earlier  American  iron-clads. 

Ericsson's  first  battery,  the  famous  Monitor,  was  protected 

*  See  Holley's  Ordnance  and  Armor,  pp.  623-627. 
t  Ibid.,  p.  630. 
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on  the  upper  hull  by  six  thicknesses  of  one-inch  iron  plates 
with  one-half-inch  inner  skin  ;  the  deck  by  two  layers  of  one- 
inch  iron,  and  the  turret  by  eight  thicknesses  of  one-inch  iron 
bolted  one  over  the  other  with  overlapping-  joints.  The 
system  of  bolting  can  be  fairly  well  understood  from  Fig,  2* 
which  was  reproduced  from  a  photograph  taken  shortly 
after  the  action  with  the  Merrimae.  In  1863,  a  target 
representing  a  section  of  the  side  of  the  iron-clad  frigate 
Bellerophon,  was  tried  in  England.  The  armor  {Fig.  j)  con- 
sisted of  six-inch  rolled  iron  plates  (not  tongued-and-grooved 
as  in  the  Warrior  target),  bolted  to  an  oak  frame  with  two  and 


Cupyri'^ht,  1887,  by  Tmk  L  hnti  kv  Co. 


one-half  and  two  and  three-fourths-inch  bolts.  Each  frame 
of  the  target  was  made  of  an  angle  iron  iox3ix^  inch, 
and  two  of  3^  x  3^  x  ^  inch,  riveted  together.  To  the  frame 
thus  formed  a  skin  of  two  thicknesses  of  three-fourths-inch 
iron  was  riveted.  On  the  outside  of  the  skin  four  horizon- 
tal angle-iron  stringers  were  attached,  two  under  the  upper 
armor-plate  <^Jx3jxi  inch,  the  broad  tlange  being  square 
to  the  skin,  and  not  reaching  out  to  the  armor  by  half  an 
inch.  The  other  two  are  placed  behind  the  lower  plate 
iox3ix^  inch.     The  breadth  of  the  broader  Uangc  being 

*  The  author  is  indebted  to  the  publishers  of  Tlu  Ontury  Magaxim,  of 
New  York,  for  the  loan  of  this  cut. 


342 


Garrison 


[J.F.I., 


the  same  as  the  thickness  of  the  backing,  it  reaches  out  to 
and  comes  in  contact  with  the  armor.* 

This  system  made  a  very  material  improvement  in  the 
structural  streng-th  as  well  as  a  great  addition  to  its  power  of 
resisting  projectiles.  From  this  period  on,  the  thickness 
of  iron  armor  and  the  wood  backing  rapidly  increased ;  it 
seems  to  have  reached  its  maximum  in  1876  in  the  twenty- 
two  inch  iron  plates  tried  at  Spezzia  during  the  autumn  of 
that  year. 


Fig.  3. — Bellerophon  target. 

Up  to  about  1879,  wrought  iron  in  various  shapes  was 
almost  exclusively  used  for  armor.  Browne  states  that  the 
chief  value  of  wrought-iron  plates  is  due  to  the  fact  that 
they  do  not  transmit  the  shock  to  the  bolts  and  adjacent 
parts  of  the  structure.  The  blow  is  absorbed  locally.  They 
do  not  crack  much  if  supported  by  proper  backing,  and 
may  be  penetrated  with  comparative  ease. 

In  1868,  what  was  known  as  the  Hughes  hollow  stringer 
{Fig.  4)  was  tried  in  the  construction  of  the  famous  Millwall 
shield.     The  use  of  these  hollow  stringers  was  estimated  by 

*  HoUey,  Ordnance  a7id  Ar7nor,  p.  761. 
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the  Russian  authorities  to  be  equal  to  two  inches  of  iron 
in  increasing  the  defensive  capacity.  The  arrangement  of 
these  stringers  is  shown  in  Fig.  ^;  they  are  placed  horizon- 
tally and  riveted  to  the  side  of  the  vessel,  the  hollow  portion 
being  filled  with  oak  or  teak.^^ 

The  following  analyses  of  Russian  and  English  iron 
armor-plates  have  been  published  by  the  Russian  authori- 
ties.f 

Russian  Plates. 

/.  //.  ///. 

f  compound :=         0*07  006  0*07 

Carbon,   \  ,  •  • 

i  graphitic,      =         o  02  —  0*019 

Silicon =  o'i2  020  0*15 

Manganese, =  0*09  01 7  003 

Phosphorus, :=  01 2  0*36  004 

Sulphur, =  002  0*038  trace 

Arsenic =  0*106  0*05  trace 

Copper, =  002               —  007 

English  Plates. 

' — — — — ' \ 

/.  //.  ///. 

Carbon, =  0*04  0*07  0*05 

Silicon, =  0*117  '^'^o  — 

Manganese, =  0*09  o*io  0*21 

Phosphorus, =  0*165  017  0*23 

Sulphur, =  001  trace  — 

It  might  be  well  in  this  place  briefly  to  consider  what 
efforts  have  been  made  to  use  cast  iron  for  defensive 
purposes. 

Chilled  cast  iron  is  one  of  the  hardest  substances  known 
in  the  arts,  but  what  iron  gains  in  hardness  when  in  this 
form  it  loses  in  other  qualities  such  as  elasticity,  ductility,  etc. 
In  order  to  possess  a  maximum  of  ballistic  resistance  an 
armor-plate  must  be  not  only  very  hard,  but  also  elastic  and 
ductile;  these  fundamental  conditions  have  been  thoroughly 
demonstrated  by  several  trials  of  chilled  cast-iron  armor. 
Two  firms  in  Europe  have  manufactured  armor  of  this  kind 

*  Hamcrsley's  Xaval  Encyclopcedia^  1884,  p.  47. 

t  Stahl  und  Eisen,  vol.  v,  p.  (x).  Journal  of  tht  Iron  and  ^U<1  Jn^ntuUt 
No.  I,  1886,  pp.  316,  317.' 
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to  a  considerable  extent;  Gruson,  of  Buckau,  near  Magdeburg, 
Prussia,  and  the  St.  Chamond  Company,  in  France.  During 
the  year  1884,  a  number  of  armor-plates  of  chilled  cast  iron 
made  by  Gruson  were  tried  at  Buckau.  Krupp  steel  projec- 
tiles were  used  with  guns  of  various  calibres.  The  results 
of  these  trials  appear  to  have  been  considered  satisfactory 
at  the  time,  as  were  also  the  similar  trials  of  St.  Chamond 
during  April,  1884.^ 

The  result  of  trials  several  5^ears  later,  however,  led  to 
both  of  these  firms  abandoning  cast  iron  for  armor-plate. 

It  appears  from  the  total  results  of  the  trials,  that  for 
land  defences  (glacis  armor  chiefly),  where  the  conditions 
were  such  that  the  angle  of  incidence  of  the  projectile  was 


Fig.  4. — Hughes  hollow  stringer. 
not  great,  chilled  cast-iron  plates  made  a  good  defence.     In 
almost  every  case  the  projectiles  were  broken  up. 

The  penetration  was  very  slight,  the  surface  at  the  points 
of  impact  being  chipped  off,  and,  as  would  be  expected,  the 
general  destructive  effect  upon  the  shield  was  to  crack  it  in 
various  directions. 

When  iron  is  in  a  crystalline  state  its  tendency  to  crack 
under  the  impact  of  a  projectile  is  intensified  when  the 
latter  strikes  at  a  glancing  angle,  for  under  these  conditions 
a  second  blow  is  delivered  by  the  base  of  the  projectile, 
whilst  the  molecules  of  the  iron  are  yet  in  violent  vibration, 
caused  by  the  impact  of  the  point  or  ogival. 

On  the  other  hand,  these  plates  can  be  made  cheaply  and 

*  Engineering,  October  17,  1884,  p.  374. 
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of  great  thickness  for  land  defences,  and  owing  to  their 
hardness,  rigidity  and  the  rapidity  with  which  they  transmit 
shocks  throughout  their  entire  mass,  they  must  be  broken 
up  bodily  to  be  destroyed. 

Although  this  system  of  armor  cannot  be  considered  to 
have  been  entirely  successful  in  practice,  its  peculiarities 
both  as  regards  construction  and  the  results  obtained, 
desen-e  more  than  passing  notice. 

Gruson's  theory  appeared  to  be  that  as  cast  iron  could 
be  moulded  into  any  desired  shape,  plates  or  blocks  with  a 
curv^ed  profile  could  be  used,  which,  whilst  to  a  certain 
extent  gaining  in  efficiency  through  the  power  of  deflection, 
gained  more  by  giving  to  the  chilled  crystallization  a  direc- 
tion such  as  would  put  the  body  of  the  metal  in  the  best 
condition  for  resistance  to  impact,  and  give  mutual  support 
to  the  parts  of  a  plate  even  when  the  latter  was  fractured.* 

His  turrets  were  made  ellipsoidal  in  shape,  so  as  to  make 
all  parts  mutually  supporting.  The  ends  of  each  block 
were  slightly  hollowed,  so  that  when  put  in  position  zinc 
solder  could  run  into  the  cavity  thus  formed  by  the  close- 
fitting  adjacent  ends  of  the  blocks,  securing  them  together 
and  thus  avoiding  all  bolts  or  fastenings  of  any  other 
description. 

What  mixture  of  pig  irons  Gruson  uses  to  make  these 
castings  are  not  known  outside  of  his  works.  It  produces, 
however,  peculiarly  good  results. 

The  fracture  is  a  clear  steely-white  from  the  outer  surface 
to  about  one-quarter  of  the  depth  of  the  casting,  changing 
very  gradually  to  a  mottle  for  one-third  farther,  the 
remainder  being  a  fine  close-grained  dark  gray  iron.  There 
is  no  line  of  demarcation  whatever  between  the  chill  and 
the  soft  iron,  the  one  shading  off  almost  imperceptibly  into 
the  other.  The  structure  of  the  iron  throughout  appears  as 
fine  and  close  as  in  Whitworth's  fluid-compressed  steel,  and 
entirely  free  from  llaws.t 

•  Very,  p.  532,  Dn><:lopment  of  Armor  for  Xaiuii  I'se,     Proceedings  of 

the  I.  S,  NiiTdi  hut.,  vol.  ix.  No.  3  [1883]. 

t  Very.  p.  533. 
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According-  to  Barnaby,*  satisfactory  results  were  not 
obtained  with  the  use  of  steel  armor  until  the  Spezzia  trials 
of  1876.  The  plates  then  tested  were  55  cm.  (21-5  inches) 
thick,  made  at  Creusot  and  such  plates  were  subsequently 
used  by  the  Italian  Government  to  plate  the  Dandolo  and 
Duilio.  Three  different  systems  of  twenty-two  inch  armor 
were  then  subjected  to  strictly  comparative  tests,  viz: 
English  and  French  solid  rolled  iron  plates  ;  sandwiched 
plating  of  10  X  1 1^  inch  iron,  interspaced  with  wood,  and  one 
Creusot  solid  steel  plate.  The  projectiles  from  a  100-ton 
(seventeen  inch)  Armstrong  gun  completely  perforated  and 
broke  into  fragments  the  iron  plates  ;  it  perforated  all  of  the 
sandwiched  plates  but  failed  completely  to  penetrate  the 
steel  one. 

When  steel  for  armor  was  first  introduced  to  any  prac- 
tical extent,  it  was  thought  by  some  authorities  that  such 
plates  need  only  be  cast,  not  forged  or  rolled,  but  simply 
quenched  in  oil  and  annealed,  thus  dispensing  with  all 
expensive  forging  operations.  This  system,  however,  was 
soon  abandoned  for  compound  or  solid  forged  steel  plates. 
The  rivalry  between  these  latter  two  systems  has  been  keen 
and  active  for  a  number  of  years,  although  the  solid  steel 
plates  made  at  Creusot  have  repeatedly  shown  themselves 
to  be  superior  to  any  form  of  compound  armor. 

A  few  years  ago,  thinking  the  armor  problem  about 
definitely  solved  by  the  use  of  compound  armor,  the  British 
Government  formally  adopted  it.  This  led  to  the  expen- 
diture of  large  sums  of  money  in  developing  its  manufac- 
ture in  England,  which,  though  active  at  present,  will 
undoubtedly  be  discontinued  before  long. 

Before  leaving  the  subject  of  iron  armor,  it  will  be  of 
interest  briefly  to  review  some  of  the  metallurgical  difficul- 
ties overcome  in  its  development.  ''  Between  1854  and  1858 
armor-plate  manufacture  was  limited  in  thickness  to  four 
and  one-half  inches,  and  but  little  dependence  could  be 
placed  in  regularity  of  quality  even  with  this  low  thickness. 
The  welding  was  imperfect,  the  best  composition  of  ores  to 

*  Trans,  of  the  Institution  of  Naval  Architects,  1879,  p.  29. 
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produce  desired  results  was  not  known,  steely  spots,  burned 
metal,  layers  of  scoria  and  scale,  blow-holes  and  other  imper- 
fections were  common  and  had  to  be  accepted.  At  first  the 
only  rolls  available  for  making  armor  were  such  as  were 
used  for  boiler  plates,  and  these  were  too  light  for  the 
requirements.  In  consequence,  the  metal  was  shaped 
almost  entirely  under  the  hammer,  which  naturally  would 
give  results  much  more  irregular  than  rolling.  Time  was 
required  to  design  and  erect  the  proper  rolls,  so  that  the 
real  improvement  in  the  condition  of  armor-plate  cannot  be 
said  to  have  commenced  much  before  1859,  and  it  is  about 
this  time  that  the  first  real  increase  in  thickness  of  plates 
from  four  and  one-half  to  four  and  three-fourths  inches 
becomes  noticeable."* 

In  the  manufacture  of  the  plates  for  the  first  French  and 
English  iron-clads  much  difficulty  was  experienced. 

The  worst  trouble  appears  to  have  arisen  from  the  preva- 
lence of  steely  spots  in  the  plates,  which  broke  up  the  tools 
used  in  finishing  and  boring.  The  inspection  was  neces- 
sarily given  wide  limits.  There  was  no  experience  to  serve  as 
a  guide  in  this  respect,  so  the  manufacture  was  only  care- 
fully watched  to  gain  the  necessary  knowledge,  and  the 
plates  were  only  limited  in  tests  for  reception  to  the  indica- 
tions of  specimens.  In  France,  test  plates  were  made  of 
several  dififerent  mixtures  of  iron,  and  were  tested  for 
strength  in  the  tensile  machine  and  under  the  hammer. 
In  this  way  a  standard  was  established,  and  the  armor  was 
all  made  of  the  same  mixture.  In  the  process  of  welding 
up  the  packets,  the  fag-ends  were  cut  off  and  worked  scpa- 
,rately.  They  were  then  given  the  pulling  and  hammer 
tests  to  show  the  fracture,  and  if  they  failed  to  come  up  to 
the  standard  specimen  the  whole  batch  of  plates  was  con- 
demned. This  was  a  very  crude  method  of  testing  armor 
for  reception,  but  was  unavoidable  at  the  start. + 

For  the  sake  of  convenience  we  may  divide  steel  armor 
under  three  heads,  viz :  compound,  steel  and  alloyed  steel. 

»  Very.  p.  368. 

t//'/V/.,  pp.  370.  371. 
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Compound  Armor. — The  process  of  manufacturing  what  is 
known  as  compound  armor-plates  was  first  patented  in  Eng- 
land by  Alexander  Wilson,  of  the  Cyclops  Works  (Cammell 
&  Co.),  Sheffield,  in  i8/6.-^ 

In  1880,  J.  H.  Ellis,  of  Sheffield,  patented  a  somewhat 
similar  process  which  has  since  been  used  by  Brown  &  Co., 
of  that  place. 1 

The  only  difference  between  the  two  methods,  as  the 
author  understands  them,  is  that  in  the  Wilson  method  a 
certain  amount  of  low  carbon  steel  (*'  ingot  iron  ")  is  first 
cast  on  the  hot  wrought-iron  back,  and  then  a  third  layer 
of  high  carbon  steel  cast  upon  that,  the  wrought-iron  plate 
being  contained  in  a  suitable  cast-iron  mould.  By  the  Ellis 
method  the  low  carbon  (''ingot  iron  ")  steel  plate  forms  part 
of  the  mould,  the  high  carbon  steel  being  cast  in  a  space 
provided  between  the  wrought-iron  back  and  this  plate. 

Wilson  specifies  in  his  patent  that  the  low  carbon  steel 
shall  have  a  tensile  strength  of  from  53,000  to  60,000  pounds 
per  square  inch,  and  that  the  high  carbon  steel  shall  contain 
from  1-25  to  I '5  per  cent,  carbon. 

Ellis  specifies  for  the  low  carbon  plate  o*8  per  cent,  carbon 
and  0-8  per  cent,  manganese. 

The  principle  in  both  methods  appears  to  be,  that  the 
steel  being  at  a  much  higher  temperature  than  the  iron 
plate,  this  excess  of  heat  serves  to  bring  its  surface  to  a 
welding  temperature.  It  is  claimed  the  carbon  in  the  steel 
carburizes  the  iron  to  a  depth  of  from  one-eighth  to  three- 
sixteenths  of  an  inch,  which,  it  is  further  claimed,  constitutes 
an  inseparable  weld.  As  a  matter  of  fact,  however,  the  steel 
face  is  not  always  securely  welded  to  the  iron,  and  blisters 
of  varying  size  occur  at  the  joints.  Even  under  the  best 
conditions  the  steel  face  is  liable  to  strip  off  the  back,  and 
where  the  projectiles  penetrate,  the  holes  are  larger  in  the 
back  than  in  front.  This  is  strikingly  illustrated  in  Fig.  5, 
which  shows  the  Cammell  compound  plate  at  the  Annapolis 

*  See  British  Patents,  4,746-1876 ;  3,472-1877;  2,130-1882;  15,476-1886; 
5,727-1887;  9.392-1888. 

t  See  British  Patents,  3,629-1880;   1,051-1882. 
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Fig.  5.— Cammcll  compound  plate  at  Annapolis  trials, 
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trials  of  1890,  after  the  firing  of  the  fourth  six-inch  Holtzer 
projectile. 

The  process  of  making  compound  armor  by  the  Ellis 
patent,  as  carried  out  at  the  DilHngen  steel  works  in 
Germany,  has  been  described  as  follows  :"^ 

A  wrought-iron  plate  is  provided  along  its  longer  sides 
with  iron  ledges  secured  to  it  by  steel  bolts.  These  ledges 
are  provided  with  dovetailed  grooves  which  receive  a  two- 
inch  covering  plate  of  '45  per  cent,  carbon  open-hearth 
steel.  This  soft  steel  cover,  when  rolled  down  to  O'S  inch  in 
the  finished  plate,  facilitates  the  subsequent  bendings.  By 
this  means  a  five-inch  space  or  mould  is  provided  between 
the  two  plates  into  which  the  high  carbon  steel  is  cast,  the 
two  plates  or  mould  being  at  a  bright  red  heat  at  the  time 
of  the  casting.  When  cool  the  ledges  are  removed,  the 
whole  reheated  and  rolled  or  forged  to  size. 

The  margin  allowed  for  carbon  in  the  inner  steel  stratum 
is  one  per  cent,  above  or  below  standard ;  for  phosphorus, 
•025  per  cent,  provided  the  carbon  is  not  above  the  standard, 
in  which  case  no  excess  of  phosphorus  is  allowed.  Silicon 
in  no  case  should  exceed  0*4  per  cent.  When  tested,  a 
Cammell  compound  plate  of  0'39  per  cent,  carbon  in  the 
steel  face,  did  not  prove  superior  to  wrought  iron  of  the 
same  thickness ;  two  others  of  '45  and  '48  per  cent,  carbon 
were  twelve  and  fifteen  per  cent,  stronger;  and  a  fourth  one, 
with  '56  per  cent,  carbon  gave  excellent  results.  An  analysis 
of  one  of  the  best  compound  English  plates  was  as  follows  if 

C.  Si.  Mn.  P.  S.  Cu. 

Layer  of  steel, '573  "173  •617  '054  '046  'ci6 

Layer  of  iron, 040  •117  '090  •165  "oio  016 

The  analyses  given  by  Russian  authorities  of  two  similar 
plates  are  as  follows  :% 

Tensile  Strength.     Elongation. 


In  di-       Across     In  di-     Across 

rection  of     the     rection  of     the 

C.        Si.      Mn.        P.        S.        Cu.       fibre.       fibre.       fibre.       fibre. 

Layer  of  steel,  .  066      010      0*93      0*03      o'os      002      93"65o  lbs.  88490  lbs.  1*175^      0*399^ 

Layer  of  iteel,  .  o  63      012      090      o"2o      030      o"02      96"2oo    "  i36'5oo    "     \'(j'j<>        18  <^ 

*  Glaser's  Annalen,  vol.  x,  p.  i6.    Jour,  of  the  Iron  and  Steel  Inst.,  No.  i, 
1882,  p.  365. 
t  Ibid.,  p.  367. 
\  .Stahl  uyid  Eisen,  vol.  v,  p.  133. 
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At  Spezzia,  in  1882,  the  steel  faces  of  Brown's  and  Cam- 
mell's  plates  contained,  respectively,  0*65  and  07  per  cent., 
and  Creusot  steel  plate  about  0*45  per  cent,  carbon.- 

It  seems  to  the  author  useless  to  give  any  further  par- 
ticulars of  the  methods  of  making  compound  armor,  as 
they  are  now  practically  obsolete,  and  in  a  few  years  will 
be  undoubtedly  replaced  by  better  methods.  In  almost 
every  case  which  has  come  to  his  notice  within  the  last 
two  years,  compound  armor  has  shown  itself  inferior  to 
5olid  steel  and  alloyed  steel  plates. 

As  early  as  the  Spezzia  trials  of  November,  1882,  com- 
pound plates  showed  themselves  inferior  to  Schneider's 
(Creusot)  steel  plates  in  certain  particulars. 

"  From  an  accurate  examination  of  the  cracks  and  the 
fractured  sections,  it  was  observed  that  in  the  compound 
plates  the  steel,  and  also  the  iron,  showed  rather  a  coarse 
grain  ;  distinct  strata  of  the  metal  imperfectly  welded  were 
noticed  as  well  as  cavities  and  traces  of  scoria.  It  was  also 
noticed  that  the  thickness  of  the  steel  stratum  was  not 
uniform,  varj-ing  from  six  and  one-fourth  to  four  and 
three-fourths  inches.  It  was  noticed  that  in  the  weld  of 
the  two  metals  the  iron  presented  a  spongy  appearance  as  if 
of  inferior  quality. 

"In  the  vSchneider  plate  a  ver}-  fine  grain  was  obser\'ed, 
uniform  and  compact,  and  showing  a  much  greater  mole- 
cular tenacity. "t 

It  should  be  noted  in  this  connection  that  the  advantages 
of  compound  armor  or,  in  fact,  any  face-hardened  armor  are, 
of  course,  more  prominently  demonstrated  against  oblique 
than  against  direct  firing. 

In  most  cases  of  armor-plate  trials  the  gun  has  every 
advantage,  the  plate  being  subject  to  conditions  which 
would  seldom  occur  in  actual  warfare.  It  is  rigidly  fixed  to 
a  backing,  the  force  of  the  impact  of  the  projectiles  must  be 

*  Capt.  Ordc  Browne,  Journal  of  the  Iron  and  Steel  Inst.,  No.  1,  1884, 
p.  117. 

t  Report  of  the  lulian  Commission,  r^ee  Very,  Di-: r/.ptnmt  i\f  Af":,^r 
for  iWiTul  C'st'.  /Votrt'edtni^^s  of  the  6.  ^'.  AW:.//  In^titutr,  vol.  ix.  No  ■». 
1883,  p.  502. 
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absorbed  by  a  very  small  mass  of  material  as  compared 
with  a  ship's  side,  besides  there  is  the  absence  of  a  struc- 
tural flexibility  or  give,  existing  in  the  ship,  which  is  no 
small  factor  in  absorbing  the  force  of  the  blow.  Under  the 
more  recent  trial  conditions  the  point  of  impact  is  normal 
to  the  face  of  the  plate,  and  the  gun  so  close,  that  the  pro- 
jectile strikes  with  practically  a  muzzle  energy. 

Steel  Armor. — The  use  of  iron  armor  may  be  said  to  have 
ceased  and  the  advent  of  steel  armor  to  have  taken  place 
with  the  introduction  of  the  lOO-ton  gun  in  1876.  At  the 
celebrated  Spezzia  trials  of  that  year  the  solid  steel  plates 
made  by  Schneider  &  Co.,  of  Creusot,  showed  themselves 
superior  in  many  particulars  to  the  wrought-iron  and  sand- 
wich plates  subjected  to  the  same  tests.  Such  steel  plates  as 
the  author  has  already  mentioned,  were  subsequently  adopted 
by  the  Italian  Government.  From  this  period  up  to  within 
the  last  year  or  so  the  contest  has  been  between  compound 
and  steel  armor,  the  former  being  developed  to  its  greatest 
extent  in  England  and  the  latter  in  France. 

It  was  not  until  about  the  time  of  the  Nettle  trials  of 
May  19,  1888,  that  the  English  made  any  serious  effort  to 
catch  up  with  the  French  in  the  manufacture  of  steel  plates ; 
these  trials  may  therefore  be  considered  as  marking  the 
beginning  of  the  steel  armor  making  era  in  England. 

One  of  the  plates  then  tried  was  made  by  Cammell  and 
the  other  by  Vickers.  They  were  8x6  feet  x  10^  inches,  and 
weighed  9*4  tons.  Three  a.  p.  100-pound  Holtzer  and  two 
Palliser  chilled  iron  projectiles  were  fired  at  each  plate 
— the  range  thirty  feet  and  the  striking  energy  2,723  feet. 

Cammell  Plate. — Round  i  (Holtzer)  penetrated  23-3 
inches  and  broke  in  two,  the  head  remaining  in  backing  and 
base  in  plate. 

Round  2  (Holtzer)  penetrated  13*1  inches  and  lodged 
unbroken.  Rounds  3  and  4  (Palliser),  projectiles  broken  up, 
heads  remaining  in  plate.  Penetrations  not  given.  Round  5, 
centre    (Holtzer),  penetrated    16  inches,  lodged    unbroken. 


*   The    Year's   Naval  Progress,    p.   289.      Office   of  Naval   Intelligence 
Washington,  D.  C,  July,  1891. 
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No  through  cracks  at  all  developed.  The  plate  showed,  by 
the  difference  in  the  penetrations  of  the  Holtzer  projec- 
tiles, a  decided  lack  of  uniformity  in  the  metal  of  which  it 
was  composed.  The  bulging  on  the  back  was  very  pro- 
nounced, and  on  the  whole  the  plate  cannot  be  considered 
equal  to  an  average  Creusot  steel  plate  of  the  same  or  even 
an  earlier  date. 

Vickers  Plate. — Round  i  (Holtzer),  penetrated  thirteen 
and  one-half  inches,  and  rebounded  entire.  Round  2  (Holt- 
zer) penetrated  thirteen  inches  and  rebounded  somewhat 
distorted.  One  radial  through  crack  developed.  Rounds  3 
and  4(Palliser),  penetrations  slight  and  projectiles  broken  up 
— no  through  cracks.  Round  5,  centre  (Holtzer),  penetrated 
thirteen  inches  and  rebounded  slightly  distorted.  One 
.short  through  crack  developed, 

The  penetrations  give  an  evidence  of  great  homogeneity 
of  the  metal.  The  elasticity  of  the  plate  was  marked  by  the 
rebounding  of  the  projectiles. 

The  general  results  were  such  as  to  lead  to  the  belief 
that  it  was  ver\'  similar  in  composition  to  the  Creusot  steel 
plates  tried  at  vSpezzia  in  1876. 

Since  1888  the  Schneider  (Creusot)  steel  plates  have  in- 
creased in  efficiency,  their  maximum  having  probably  been 
reached  at  the  Annapolis  and  Ochta  trials  in  1890.*  Some 
little  progress  seems  also  to  have  been  made  in  England  in 
the  production  of  steel  plates,  Messrs.  Vickers  having  re- 
ceived as  a  result  of  the  Xettlc  trials,  a  large  order  from  the 
Admiralty.  The  day  of  the  steel  plate,  however,  is  past,  as 
it  will  undoubtedly  be  superseded  by  the  alloyed  steel  plate. 

Lieut.  Southerland,  U.S.N.,  in  his  able  review  of  **  The 
Armor  Question  in  1891,"+  very  sensibly  says:  "The  value  of 
steel  for  armor  protection  can  best  be  demonstrated  by 
comparing  it  with  the  compound  metal.  With  steel  plates 
the  face  is  hardened,  but  not  to  the  same  degree  as  the  face 
of  the  compound.  This  disadvantage,  however,  even  in 
plates  of  medium  thickness,  is  more  than  compen.sated  for 

*  The    Years  Naval  IVogress,  1 89 1,  pp.  3CX)  to  328. 
t  Ibid.,  p.  332. 
Vol.  CX.X.XIIl.  23 
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by  the  relatively  greater  hardness  of  the  back,  which  tells 
more  and  more  in  favor  of  the  steel  as  the  plates  increase 
in  thickness. 

"As  a  result  of  the  softer  face,  projectiles  of  medium 
quality,  although  broken  up  by  both  metals,  obtain  a 
greater  penetration  in  steel  than  in  compound,  as  is  evi- 
denced by  the  French  trials,  but  with  a.  p.  (armor-piercing) 
projectiles,  the  resistance  of  the  steel  depending  on  its 
mass,  penetration  is  less  than  in  compound,  where  the  hard 
face  once  overcome,  the  resistance  of  the  soft  back  to  pene- 
tration is  but  slight." 

To  the  unprejudiced  mind  the  advantages  of  steel  over 
compound  armor  are  manifest.  It  is  not  only  more  homo- 
geneous than  compound,  but  has  the  great  advantage  of 
being  able  to  be  cast  into  shapes  which  compound  cannot. 

As  a  result  of  the  experiments  of  the  Gavre  Commission 
steel  armor  was  found  to  possess  a  superior  degree  of 
toughness  and  elasticity.  This  property  tends  to  distribute 
the  projectile  energy  imparted  to  the  plate  more  uniformly 
throughout  its  mass,  thus  decreasing  its  tendency  to  crack 
and  break  up,  even  though  the  projectile  may  attain  a 
greater  penetration  than  in  the  case  of  a  compound  plate. 

The  great  inherent  defect  of  solid  steel  armor-plate  is  the 
liability  to  through  cracking.  *'  If  this  through  cracking 
causes  the  falling  off  of  the  fractured  parts,  either  from 
succeeding  shots  or  from  the  motion  of  the  vessel  in  a  sea- 
way, steel  would  be  useless  for  armor  protection ;  but  a 
careful  study  of  armor  trials  is  conclusive  in  showing  that 
the  system  of  bolting  employed  will  hold  fractured  parts  in 
place,  unless  the  plate  is  excessively  fractured  by  a  greater 
number  of  blows  than  one  can  conceive  of  its  receiving."* 

A  noticeable  feature  in  steel  plates  is  their  tendency  to 
form  serrated  cracks,  as  compared  with  the  straight  or 
curved,  lines  of  cracks  in  the  compound.  This  enables 
fractured  parts  to  dovetail  into  each  other  so  as  to  cause 
them   to    remain    in    place,    even    when    unsupported  by 

*  The  Year's  Naval  Progress.  Of^zt  oi  Naval  Intelligence,  V^ashmg\.on, 
D.C..  July,  1891.  p.  332. 
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surrounding  plates.  It  is  evident  that  when  badly  cracked, 
the  separated  parts  of  steel  plates  will  still  offer  considerable 
resistance. to  penetration.  In  the  recent  Annapolis  trials,  at 
the  end  of  the  fifth  round  of  shots,  each  of  the  four  separate 
parts  of  the  cracked  steel  plate  would  still  have  resisted 
another  projectile,  while  the  compound  plate,  which  pre- 
sented a  thickness  of  less  than  seven  inches  of  wrought 
iron,  would  have  been  open  to  perforation  by  projectiles 
from  as  small  a  rapid-fire  gun  as  the  Hotchkiss  fourteen 
pounder. 

About  the  year  1887,  one  of  the  best  British  authorities, 
in  speaking  of  steel  armor,  states  that  "  Creusot  steel  is  not 
usually  as  hard  as  the  steel  used  in  the  face  plates  of  com- 
pound armor,  and  is  as  a  mass  more  rigid. "-f 

*'  As  compared  with  compound,  steel  armor  admits  the 
point  of  the  shot  at  first  with  less  resistance,  but  it  does 
not  yield  at  the  point  of  impact  even  where  badly  backed, 
and  is  therefore  less  dependent  on  backing  than  compound 
armor.  As  the  shot  enters,  it  wedges  and  heaps  up  the 
metal  around  it,  the  plate  coming  forward  and  swelling  at 
the  point  of  impact  and  yielding  by  radiating  cracks.  It 
may  be  questioned  if  a  case  could  be  found  of  a  concentric 
crack  being  made  in  steel  armor.  Nearly  all  cracks  made 
extend  through  the  metal,  but  by  the  employment  of  a  large 
number  of  bolts  the  fragments  may  be  held  up,  and  con- 
siderable resisting  power  maintained  after  fracture.  On  the 
other  hand  very  soft  steel  plates  admit  of  perforation,  and 
in  their  character  resemble  wrought  iron  more  or  less.":J: 

The  action  of  the  shot  in  wedging  and  heaping  up  the 
metal  is  much  the  same  with  nickel-steel  plates — which  in 
fact  can  only  be  regarded  as  steel  plates  strengthened  and 
toughened  by^the  addition  of  nickel. 

Browne  states5j  that  **  steel  plates  are  uncertain  in  their 
behavior  and  are  liable  to  spontaneous  fracture  after  tem. 

*  Tht  Year's  Kaval  IVoi^ress,  1891,  p.  333. 

t  C.  Ordc  Browne,  Armor  antf  its  Attiulc  by  ArtilUry,  part  11,  p.  85, 
London,  1887. 

X  Ibid.,  part  II,  p.  85. 
\  Ibid.,  part  II,  p.  99. 
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pering  or  after  annealing."  If  such  was  the  case  eight  or 
ten  years  ago,  it  was  doubtless  due  to  a  want  of  knowledge 
and  experience  in  the  manufacture  of  such  large,  masses  of 
steel.  This  difficulty  has  probably  been  overcome,  as  we 
seldom  hear  of  plates  cracking  spontaneously  unless  they 
have  been  unduly  strained. 

[77?   be  continued.'] 


The  WORLD'S   FAIR. 


The  World's  Columbian  exposition,  at  Chicago,  will 
open  on  May  i,  1893.  The  following  data  give  the  reader 
an  idea  of  its  scope  and  magnitude  and  of  its  present 
status  and  prospects. 

The  Exposition  is  under  the  auspices  of  the  United 
States  Government.  Its  participants  include  not  only  the 
United  States  Government  and  the  forty-four  States  and 
five  Territories  of  the  American  Union,  but  also  nearly 
every  foreign  government.  Its  international  character  is 
assured. 

The  foreign  nations  and  colonies  which  thus  far  have 
determined  to  participate  in  the  exposition,  and  the  amounts 
of  their  appropriations,  made  or  officially  proposed,  as  far 
as  information  concerning  them  has  been  received  at  head- 
quarters, are  the  following: 


British  Honduras,       $7>5oo 

Cape  Colony, 25,000 

Ceylon, 40,000 

India, 

Jamaica, 20,000 

Malta, 

Mashonaland, 

New  South  Wales 

New  Zealand,   ,   .   .    .  ^ 

Queensland, 


Argentine  Republic, gioo,ooo 

Austria 149,100 

Belgium 

Bolivia, 100,000 

Brazil, 600,000 

China, 

Chile, 100,000 

Colombia, 100,000 

Costa  Rica, 100,000 

Denmark, 

Danish  West  Indies, ,      South  Australia, 

Ecuador 125,000  1      Tasmania, 

Egypt  (informal), i      Trinidad, 15,000 

France, 400,000  ,      Victoria,     

Algeria, West  Australia, 

Germany, 214,200    Guatemala, 120,000 

Great  Britain, 125,000    Hawaii, 

Barbadoes, 6,000    Hayti, 

British  Columbia, !  Honduras, 20,000 

Bri  ish  Guiana,     ...  25,000     Italy  (informal), 


May,  1892.]  The    World^s   Fair,  357 

Eryihria '  Salvador Iia.ooo 

Japan, $'530,675    San  Domingo 

Korea,      Siam 

Madagascar, Spain 

Mexico 750,000        Cuba 95,000 


Toul ^4.004,565 


Netherlands  (informal), Transvaal, 

Dutch  Guiana, 10,000    Turkey,    . 

Dutch  West  Indies 5,000    Uruguay, 

Nicaragua, 30,000    Venc7uela, 

Orange  Free  State 

Paraguay, 25,000 

Persia, 

Peru, 125,000        Thirt>'-ninc  nations. 

Russia, Twenty-four  colonies. 

Bolivia  appropriated  §10,000  for  preliminary  expenses, 
and  authorized  its  President  to  draw  on  the  regular  diplo- 
matic appropriation  for  any  further  sum  needed,  the  whole 
amount  estimated  to  be  necessary  being  $100,000.  Of 
Ecuador's  $115,000,  the  city  of  Guayaquil  furnishes  $25,000. 
Paraguay  has  authorized  its  President  to  spend  whatever 
sum  may  be  necessary  to  have  the  country  creditably  repre- 
sented. It  is  reported  that  $25,000  of  expenditure  is  con- 
templated. Mexico  has  voted  $50,000  for  preliminary 
expenses.  No  doubt  is  felt  that  the  balance  of  the  $750,000 
proposed  will  be  forthcoming.  It  is  assured  that  quite  a 
number  of  the  appropriations  named  above  will  be  increased. 

From  information  received  at  Exposition  headquarters,  it 
can  be  said  to  be  almost  assured  that  there  will  soon  be 
added  to  the  above  list  Norway  and  vSweden,  Hungary, 
Switzerland,  Canada  and  several  others.  At  a  low  estimate 
the  total  of  the  appropriations  of  foreign  nations  will  reach 
$5,000,000.  Nearly  all  of  the  participating  nations  will 
erect  buildings  in  the  exposition  grounds.  Building  sites 
have  already  been  selected  for  Great  Britain,  Germany, 
Japan,  Turkey,  Mexico,  Peru,  Brazil,  Ecuador,  Colombia, 
Costa  Rica,  Guatemala  and  Chile.  The  buildings  of  foreign 
nations  will  present  most  varied  contrasts  in  respect  to  size, 
architecture  and  adornment. 

The  United  States  Government  has  appropriated  thus 
far  $1,500,000,  of  which  $400,000  was  set  apart  for  its  build- 
ing  and  $250,000,  approximately,  has  been  drawn  for  the 
cost  of  five  sessions  of  the  National  Commission,  two  ses- 
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sions  of  the  Board  of  Lady  Managers,  the  salaries  of  the 
officers  and  employes  of  these  two  bodies,  and  the  expenses 
of  three  special  agents  of  the  Treasury  Department  who 
were  sent  to  Europe  to  explain  to  foreign  commissions  and 
governments  the  regulations  of  the  department  governing 
the  importation  of  exhibits.  A  considerable  portion  of  the 
remainder  has  been  spent  in  preparation  of  the  Government 
exhibit  by  the  Board  having  the  matter  in  charge.  The 
Congress  now  in  session  is  expected  to  appropriate  a  sum 
sufficient  for  the  future  expenses  of  the  National  Commis- 
sion and  Lady  Managers,  and  the  continued  preparation  of 
the  Government  exhibit,  and  also  about  $700,000  for  the 
exposition  awards  and  the  payment  of  the  awarding  juries, 
as  obligated  by  the  Act  of  Congress  creating  the  National 
Commission.  The  Government,  as  elsewhere  stated,  has 
been  asked,  also,  to  appropriate  something  for  a  District  of 
Columbia  exhibit,  and  $5,000,000  in  general  aid  of  the  expo- 
sition. 

Twenty-six  States  and  two  Territories,  thus  far,  have 
made  appropriations  for  their  representation  at  the  exposi- 
tion, as  follows  : 


Arizona,     .   .  . 

California,     .  . 

Colorado,  .   .  . 

Delaware,     .  . 

Idaho,    .   .    .  . 

Illinois,  .   .    .  . 

Indiana,     .    .  . 

Iowa, 

Maine,   .    .    .  . 
Massachusetts, 

Michigan,     .  . 

Minnesota,   .  . 

Missouri,  .   .  . 

Montana,  .   .  . 

Nebraska,     .  . 


^30,000 

300,000 

100,000 

10,000 

20,000 

800,000 

75,000 

50,000 

40,000 

75,000 

100,000 


150,000 
50,000 
50,000 


New  Hampshire, 
New  Jersey,  .  . 
New  Mexico,  .  , 
North  Carolina,  . 
North  Dakota,    . 

Ohio, 

Pennsylvania, 
Rhode  Island,     . 
Vermont,  .... 
Washington,    .    . 
West  Virginia,    . 


50,000    Wisconsin, 
Wyoming, 


$25,000 
20,000 
25,000 
25,000 
25,000 

100,000 

300,000 
25,000 
15,000 

100,000 
40,000 
65,000 
30,000 


Total, $2,695,000 


In  several  of  these  States  the  appropriations  made  are 
only  preliminary,  and  will  be  largely  increased.  In  Iowa, 
for  example,  the  Executive  Committee  of  the  State  Commis. 
sion  has  prepared  estimates  aggregating  $339,000,  and  will 
ask  the  Legislature  to  appropriate  accordingly.  Colorado, 
Maine,  Massachusetts,  Minnesota,  New  Jersey  and  West 
Virginia  promise  increased    appropriations.     In    Colorado, 
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an  additional  $50,000,  approximately,  has  been  voted  by  the 
counties,  and  in  Indiana  about  $10,000  has  been  raised  by 
school  pupils  and  teachers.  In  California,  too,  some  of  the 
counties  are  supplementing  the  State  appropriation. 

Nine  States  which,  owing  to  constitutional  restriction,  or 
other  prohibitive  reason,  made  no  World's  Fair  appropria- 
tion, have  held  State  conventions  and  formed  organizations 
of  the  stock-subscription  sort  for  raising  the  amounts 
deemed  necessar\'  for  creditable  representation.  These 
States,  and  the  sums  they  are  thus  raising,  are : 

Alabama, |5o,ooo  |  Oregon, |ioo.oco 

Arkansas,      100,000    South  Dakota, 8c,ooo 

Florida, 100,000    Tennessee, 100,000 

Georgia 100,000    Texas, 300,000 


Kansas, ioo,oeo 


Total, 11,030,000 


The  legislatures  of  several  States  which  have  made  no 
provision  for  representation  are  now  in  session,  or  soon  will 
be.  In  Maryland,  a  bill  for  $100,000  is  pending.  In  New 
York,  a  bill  for  $250,000  has  been  introduced,  and  a  second 
bill  for  $500,000  is  advocated  by  several  influential  organi- 
zations, which  believe  that  sum  necessary  for  creditable 
representation.  Nearly  all  of  the  States  and  Territories  that 
have  not  already  made  liberal  appropriations,  are  expected 
to  do  so  in  time.  It  is  reported  that  the  Government 
will  be  asked  to  appropriate  $50,000  for  the  representation 
of  the  District  of  Columbia,  and  perhaps  something  for  an 
Alaska  exhibit.  The  aggregate  expenditure  by  the  States 
and  Territories  is  expected  to  reach  $5,000,000. 

Information  concerning  the  State  Buildings  is  yet  quite 
incomplete,  as  but  few  of  the  plans  have  been  approved.  It 
is  expected  that  nearly  all  will  erect  buildings  as  State 
headquarters  and  receptacles  for  collective  exhibits  illus- 
trating their  resources.  Thus  far,  data  for  the  buildings  of 
twenty-two  States,  as  projected,  have  been  received  at  head- 
quarters. These  structures,  for  the  most  part,  will  be  two 
stories  in  height :  will  average  about  50  x  75  feet  in  dimen- 
sions, and  will  cost  from  $10,000  to  $100,000  each. 

The  size  and  cost  of  the  great  exposition  buildings  are 
indicated  in  the  following  table: 
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Buildings, 


Dimensions 
in  Feet. 


Manufactures  and  Liberal  Arts, 

Administration, 

Mines, 

Electricity, 

Transportation, 

Transportation,  Annex,     .... 

Woman's, 

Art  Galleries, 

Art  Galleries,  Annexes  (2),  .   .    . 

Fisheries 

Fisheries,  Annexes  (2), 

Horticulture, 

Horticulture,  Green-houses  (8),  , 

Machinery, 

Machinery,  Annex, 

Machinery,  Power-house,     .   .   . 
Machinery,  Pumping  Works, 
Machinery,  Machine  Shop,     .   . 

Agriculture 

Agriculture,  Annex, 

Agriculture,  Assembly  Hall,  etc., 

Forestry,    .    . 

Saw  Mill 

Dairy, 

Live  Stock  (3), 

Live  Stock,  Pavilion, 

Live  Stock,  Sheds, 

Casino, 

Music  Hall, 


787  X  1687 

262  X  262 

350  X  700 

345  X  690 

256  X  960 

425  X  900 

199  X  388 

320  X  500 

120  X  200 

165  X  365 
13s  diameter. 

250  X  998 

24  X  100 

492  X  846 

490  X  550 

100  X  461 

77  X  84 

146  X  250 

500  X  800 

300  X  550 

125  X  450 

2o3  X  528 

125  X  300 

100  X  200 

65  X  200 

280  X  440 

120  X  250 

120  X  250 


U.  S.  Government, ,45  X  415 

U.  S.  Government,  Imitation  Battle-ship,  ....  69  25  X  348 

Illinois  Sutc 160  X  450 

Illinois  State,  Wings  (2;, 


Area  in 
Acres. 


30'5 
1-6 
5-6 
5"5 
5-6 
8-8 
1-8 

3"7 
I'l 


■::} 


57 

•5 

9-6 

6-2 


9-2 

3-8 

i"3 

2-5 

■9 

•5 

■9 

2-8 

40-7 


:;} 


153-8 
3'3 

■3 
1*7 

•3 


I59'4 


Cost. 


J  1, 500, 000 
435,000 
265,000 
401,000 

370,000 

138,000 

670,000 

224,000 

300,000 
25,000 

1,200,000 
85,000 

618,000 

100,000 

100,000 

35,000 

30,000 

335,000 


^7,041, 000 
400,000 
100,000 

250,000 


$7,791,000 


Including  connecting  peristyle. 
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The  last  three  are  being  erected,  the  first  two  by  the 
United  States  Government,  and  the  third  by  the  State  of 
Illinois.  The  visitor,  however,  will  naturally  class  them 
among"  the  great  exposition  structures. 

The  exposition  buildings,  not  including  those  of  the 
Government  and  Illinois,  have  also  a  total  gallery  area  of 
45*9  acres,  thus  making  their  total  floor  space  1997  acres. 
The  Fine  Arts  building  has  7,885  lineal  feet,  or  145,852 
square  feet  of  wall  space. 

All  of  the  annexes  w^ll  be  scarcely  less  imposing  and 
architecturally  beautiful  than  the  main  buildings  them- 
selves. The  live-stock  sheds,  which  will  cover  an  immense 
area  as  indicated,  are  to  be  constructed  as  inexpensively  as 
possible  without  marring  the  general  architectural  eftect. 
The  power-houses,  pumping  works,  etc.,  are  to  be  exhibits  in 
themselves,  and  so  constructed  as  to  be  readily  inspected  by 
visitors.  There  will  be  several  exposition  buildings  in  addi- 
tion to  those  named,  but  data  concerning  them  are  not  yet 
fully  determined.  Among  them  will  be  a  Press  building,  in 
which  every  possible  convenience  and  accommodation  for 
the  press  representatives  of  the  world  will  be  provided  ; 
and  a  reproduction  of  the  vSpanish  convent,  **La  Rabida,"  in 
which  a  wonderfully  complete  collection  of  Columbus  relics 
and  allied  exhibits  will  be  gathered.  The  total  cost  of  the 
exposition  structures  alone  is  estimated  at  $8,000,000. 

The  amount  ($8,000,000)  which  the  Exposition  Company 
expects  to  expend  upon  buildings  represents  less  than  one- 
half  of  its  total  estimated  expenditure  for  the  great  enter- 
prise.  Following  are  estimates  of  various  other  expenses 
prepared  by  the  Ground  and  Buildings  Committee : 

Grading  »nd  filling,  etc ...          ^S',4'*' 

Landscape  and  gardening, j|j],400 

Viaducts  and  bridges, .      •  o 

Piers, .  •» 

Waterway  improvementt, •  .  .   .  ..,•>» 

Railways, .  «,j>.x»3 

Steam  plant,  .  800,000 

Electricity it..  ..^ 

Statuary  on  building* 

Vatet,  lamp*  and  po«t», s  .  ■»> 

Seating I.ooo 

W.4ier  supply,  tewerjge.cti: ■■» 

Impruvenicnts  of  lake  front ■** 
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World's  Congress  Auxiliary, ^200,000 

Construction  department  expenses,  fuel,  etc., 520,000 

Organization  and  administration, 3>3o8,563 

Operating  expenses  during  Exposition, 1,550,000 

$10,530,453 

Add  to  this  the  amount  estimated  to  be  necessary  for 
buildings  ($8,000,000),  and  the  grand  total  sum  to  be 
expended  by  the  Exposition  Company  stands  at  $18,530,453. 
This  does  not  include,  of  course,  the  expenditure  by  the 
United  States  Government,  the  States  of  the  Union,  or  for- 
eign countries.  Of  this  $18,530,453,  about  $17,000,000  must 
be  paid  out  before  the  gates  of  the  Exposition  are  thrown 
open  to  the  public,  on  May  i,  1893.  The  total  amount 
which  the  Exposition  Company  has  paid  out  up  to  date,  for 
all  purposes,  is  $2,779,707.  Owing  to  the  present  enormous 
demands  of  construction,  the  expenditure  is  now  running 
at  nearly  $1,000,000  a  month. 

In  view  of  the  showing  given  above,  a  statement  of  the 
Exposition's  resources  will  be  found  interesting  in  this 
connection. 

Resources, 

Stock  subscriptions, ,  15,721,230 

City  of  Chicago  bonds, 5,000,000 

Prospective  gate  receipts, 10,000,000- 

Concessions  and  privileges, 1,500,000 

Salvage 1,500,000 

Interest  on  deposits, 33,452 

Total, , $23,754,682 

To  the  resources  will  be  added  future  interest  on  bank 
deposits  and  future  subscriptions  to  stock.  New  subscrip- 
tions are  coming  in  daily,  and  the  amount  which  will  thus 
be  realized  is  certain  to.be  large,  though  how  much  it  will 
be  can  now  only  be  surmised.  An  increase  of  $200,000 
from  these  sources  is  a  safe  estimate.  On  the  other  hand, 
some  deduction  must  be  made  for  delinquency  in  the  pay- 
ment of  subscriptions  to  stock.  Thus  far,  sixty  per  cent,  of 
the  subscribed  amounts  has  been  called  for,  and  $3,433,800, 
or  more  than  sixty  per  cent,  has  been  actually  paid  in,  quite 
a  number  of  subscribers  having  voluntarily  paid  up  in  full 
without  waiting  for  the  successive  calls.  The  subscribers 
number  about  30,000.  Among  subscribers  there  have  been 
nearly  500  deaths,  and  this,  together  with  impoverishment. 
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etc.,  has  caused  thus  far  a  delinquency  in  collections  of 
between  seven  and  eight  per  cent,  of  the  amount  due. 
This  is  less  than  was  anticipated.  Making  a  very  liberal 
allowance  for  delinquencies,  the  net  resources,  as  estimated, 
stand  in  round  numbers  at  $23,350,000,  or  about  $4,825,000 
in  excess  of  the  total  estimated  necessary  expenditure. 

But  of  the  resources  the  gate  receipts,  concessions  and 
privileges,  and  salvage,  representing  a  total  of  $13,000,000, 
are  not  only  estimates  but  are  necessarily  prospective. 
They  cannot  be  realized  even  in  part  until  the  exposition 
opens  and  is  in  progress.  The  salvage  from  the  disposal  of 
the  buildings  cannot,  of  course,  be  realized  until  after  the 
fair  closes.  It  follows  that  the  resources  available  previ- 
ous to  the  opening  of  the  exposition,  by  which  time, 
as  explained  above,  $17,000,000,  approximately,  must  be 
expended,  are  cut  down  to  about  $10,750,000.  It  will  be 
seen  that  about  $6,250,000  must  be  provided  for  in  some 
manner.  Accordingly,  the  United  States  Government  may 
be  asked  to  aid  the  exposition  by  taking  a  financial  interest 
in  it  to  the  extent  of  $5,000,000.  In  view  of  the  fact  that 
the  National  Commission,  representing  the  Government,  in 
adopting  the  classification  of  exhibits,  made  the  scope  of 
the  exposition  so  extensive  that,  as  the  Exposition  Direc- 
tory has  found,  it  could  not  possibly  be  creditably  fulfilled 
within  the  expenditure  of  the  $10,000,000  which  was  at  first 
deemed  sufficient — and  which  Chicago  has  provided,  accord- 
ing to  promise — it  is  believed  that  Congress  will  consider 
it  incumbent  upon  the  Government,  both  in  point  of  actual 
obligation  and  that  the  national  honor  may  be  maintained 
before  the  world,  to  provide  the  means  for  meeting  the 
excess  of  expenditure  which  the  action  of  its  representative 
rendered  necessary.  With  such  assistance,  to  the  extent 
of  $5,000,000,  the  Exposition  Company  believes  it  will  be 
able  to  meet  all  demands. 

The  actual  erection  of  the  exposition  buildings  began 
in  June,  1S91.  Now  all  of  them  are  being  pushed  rapidly 
towards  completion.  Already  several  are  under  roof.  About 
4,000  workmen  are  employed.  Work  proceeds  day  and 
night. 
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Woman  s  BuildinQ-. — This  is  farthest  advanced  of  all.  It 
is  roofed  and  almost  completed  exteriorly.  Covered  and 
adorned  with  ''staff,"  it  appears  like  a  marble  palace.  The 
furnishing  of  the  interior  is  proceeding. 

Mines  Building. — The  framework  is  up,  and  finishing 
touches  are  being  put  on  the  iron  and  glass  roof.  The 
''staff"  is  being  applied. 

Electricity. — Framework  completed  up  to  gallery  floor, 
and  nearly  all  of  the  great  steel  trusses  for  the  roof  in 
place. 

Horticulture. — The  pavilions  are  up  to  the  roof  line.  The 
west  portion  is  roofed  and  windows  are  being  placed.  The 
iron  work  of  the  dome  is  being  put  in  position. 

Transportation. —  Framework  practically  completed,  as 
also  roof  sheathing  over  galleries.  Clere-story  trusses  are 
being  raised. 

Administration. — Structural  work  of  the  four  pavilions 
completed  and  exterior  covering  being  applied.  Iron  work 
in  place  up  to  base  of  dome,  170  feet  from  ground. 

Machinery  Hall. — Floor  and  6,000  supporting  piers  com- 
pleted ;  superstructure  going  up,  and  foundation  for  annex 
being  laid. 

Agriculture. — Interior  columns  and  gallery  girders  and 
joists  in  position,  and  the  great  iron  columns  supporting 
the  roof  being  placed.  Of  the  7,000,000  feet  of  lumber 
which  the  building  will  contain,  more  than  half  is  already 
utilized. 

Manufactures  and  Liberal  Arts. — The  thirty  and  one-half 
acres  of  flooring  are  laid,  and  the  superstructure  is  begun. 
The  huge  steel  trusses  for  the  roof,  which  together  will 
contain  more  metal,  by  fifty  per  cent.,  than  the  Brooklyn 
bridge,  will  soon  be  raised. 

Art  Galleries. — Basement  and  floor  are  completed,  and 
the  brick  walls  have  reached  an  average  height  of  ten  feet 
above  the  second  floor.  More  than  5,000,000  brick  are 
already  laid. 

Fisheries. — The  gallery  trusses  of  the  main  building 
are  placed,  and  the  iron  framework  of  both  pavilions  is 
completed. 
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Forestry. — This  is  about  three-fourths  finished,  and  will 
be  occupied  by  the  model  makers  until  spring,  when  the 
outside  rustic  work  will  be  put  on,  and  the  temporary  roof 
will  be  replaced  by  a  thatched  one. 

Dairy. — All  the  columns  are  up  to  the  roof  line,  and  the 
gallery-  floor  is  being  laid. 

Work  on  the  Illinois  State  building  and  on  the  United 
States  Government  building  is  being  pushed  rapidly.  The 
imitation  battle-ship  is  completed  to  the  deck  level. 

Insurance  is  placed  and  increased  on  the  buildings  as 
their  construction  proceeds.  The  amount  now  carried  is 
above  §1,000,000.  During  the  exposition,  it  is  estimated 
not  less  than  §150,000,000  or  $200,000,000  of  insurance  will 
be  carried  on  the  buildings  and  exhibits. 

All  possible  precautions  are  taken  against  fire.  The 
exposition  grounds  are  already  provided  with  a  full  equip- 
ment of  fire  engines  and  apparatus. 

In  the  construction  of  the  buildings  about  60,000,000  feet 
of  lumber  and  18,000  tons  of  steel  and  iron  will  be  used. 
In  their  adornment  will  be  utilized  nearly  84,000  pieces  of 
ornamental  *'  staff "  work,  of  which  about  one-third  are 
already  completed. 

To  supply  the  exposition  buildings  and  grounds  with 
water  two  plants  are  being  put  in,  one  with  capacity  of 
24,000,000  gallons  a  day,  and  the  other  of  40,000,000  gallons. 
Thus  64,000,000  gallons  a  day  will  be  available.  The 
pumping  works  and  all  of  the  great  machinery  furnishing 
power  to  the  exposition  will  be  open  to  the  inspection  of 
visitors. 

A  system  for  drainage,  believed  to  be  adequate  and  per- 
fect, has  been  adopted.  Perfect  sewerage,  too,  is  planned. 
All  refuse  from  the  caft's  and  kitchens,  and  from  the  lava- 
tories and  closets,  of  which  6,500  will  be  constructed  at 
an  expense  of  some  §450,000,  will  be  received  by  injectors, 
and  forced  by  compressed  air  through  underground  pipes 
into  four  huge  tanks,  where  it  will  be  treated  chcmicaMv 
and  rendered  entirely  inoffensive.  Work  upon  th-  - 
systems  is  progressing. 

Plans  adopted  for  lighting  the  buildings  and  grounds 
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provide  for  138,218  electric  lamps,  of  which  6,766  are  to  be 
arc  lamps  of  2,000  candle-power  each,  and  131,452  incandes- 
cent, sixteen  candle-powder  each.  The  electric  lighting  will 
cost  something  like  $1,500,000  and  will  be  ten  times  as 
extensive  as  was  employed  at  the  Paris  exposition.  The 
light  and  motive  plant  at  the  exposition,  it  is  estimated, 
will  require  26,000  horse-power,  of  which  22,000  will  be 
required  for  the  electric  plant. 

Transportation  to  and  from  the  exposition,  both  for 
visitors  and  exhibits,  will  be  as  perfect  as  it  is  possible  to 
make  it,  both  in  the  matter  of  facilities  and  rates.  Greatly 
reduced  rates  on  all  railroads  and  some  of  the  steamship 
lines  w411  prevail.  Definite  arrangements  are  yet  to  be  per- 
fected. Much  attention  is  being  given  to  the  question  of 
furnishing  abundant  facilities  for  reaching  the  grounds 
from  all  parts  of  Chicago,  and  it  can  be  asserted  that  exist- 
ing means,  already  extensive,  will  be  increased  so  that  a 
maximum  of  400,000  a  day  can  be  carried  to  and  from  the 
grounds.  For  the  transportation  of  exhibits,  arrangements 
have  already  been  made  with  nearly  500  railway  and  steam- 
ship lines,  including  all  of  the  trunk  railroads  and  more 
important  lines  in  the  United  States.  Of  these  transporta- 
tion lines,  417  have  agreed  to  charge  regular  tariff  rates  on 
exhibits  to  the  exposition,  and  to  return  them  to  starting 
points  free  of  charge,  provided  their  ownership  remains 
unchanged.  Thirty-seven  have  agreed  to  charge  half  regu- 
lar rates  both  ways,  and  thirty-three  have  promised  to 
transport  them  free  both  to  and  from  the  exposition.  The 
Atlantic  Transport  Line  of  Steamers,  which  runs  freight 
steamships  between  London  and  New  York,  Philadelphia 
and  Baltimore,  will  make  no  charge  on  exhibits  in  either 
direction,  except  on  such  as,  owing  to  their  excessive  size  or 
weight,  require  extra  help  in  their  handling.  In  such  cases 
only  the  expense  of  the  extra  help  will  be  charged.  Foreign 
exhibits  will  be  admitted  free  of  all  duty.  Such  exhibits, 
how^ever,  if  sold  in  this  country,  will  be  subject  to  payment 
of  regular  customs  duties. 

The  World's  Congress  Auxiliary. — This  is  organized  to  pro- 
vide for  the  presentation,  by  papers,  addresses  and  discussion. 
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of  the  mental  and  moral  status  and  achievements  of  the 
human  race.  Under  its  auspices,  a  series  of  conj^^resses  will 
be  held  in  Chicago  during  the  progress  of  the  exposition,  in 
which,  it  is  already  assured,  will  participate  a  great  many  of 
the  abtest  living  representatives  in  the  various  fields  of  intel- 
lectual effort  and  moral  endeavor.  The  Auxiliary  embraces 
between  fifteen  and  twenty  main  departments,  such  as  Lit- 
erature, Government,  Education,  Music,  Science,  Art, 
Engineering,  etc.,  in  each  of  which  are  subdivisions.  A 
programme  is  being  arranged  for  congresses  in  each  of 
these  departments  and  divisions,  in  which  specialists  and 
advanced  thinkers  may  participate  in  discussing  the  vital 
and  important  questions,  and  presenting  the  best  and  latest 
achievements  of  the  human  mind  in  each.  During  the  expo- 
sition the  Auxiliary  will  have  the  use  of  a  magnificent  per- 
manent Art  Palace,  which  the  Chicago  Art  Institute,  aided 
by  the  Exposition  Directory,  is  about  erecting  on  the  lake 
front.  This  will  have  two  large  audience  rooms,  each  of 
3,500  capacity,  and  from  twenty  to  thirty  smaller  rooms,  of 
capacity  ranging  from  300  to  750.  The  great  auditorium 
will  also  be  utilized  for  the  larger  congresses,  and  numerous 
other  halls  are  available  when  required.  P^ach  congress 
will  be  supervised  by  a  committee  of  persons  actively  inter- 
"Csted  in  its  particular  field,  acceptance  of  such  responsibility 
having  already  been  given.  The  prospects  are  that  fully 
100  congresses  altogether  will  be  held.  It  is  the  intention 
to  publish  their  proceedings  in  enduring  form.  Detailed 
information  concerning  the  Auxiliary,  or  any  of  its  depart- 
ments or  divisions,  can  be  obtained  of  its  President,  Charles 
C.  Bonney. 

The  participation  of  women  in  the  exposition  promises 
to  be  one  of  its  most  interesting  as  well  as  novel  features. 
With  a  commodious  and  imposing  building,  designed  by  a 
young  lady  architect,  and  with  an  abundance  of  money,  and 
with  full  rec(^gnition,  indorsement,  and  aid  by  the  United 
States  Government  and  the  Expositit)n  Directory,  the 
women  have  an  opportunity  of  showing,  in  most  signal 
manner,  the  condition  of  their  sex  throughout  the  world ; 
•what  are  the  achievements  of  woman  in  the  various  branches 
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of  human  endeavor,  and  what  is  her  adaptability  to  differ- 
ent occupations  and  lines  of  industrial  and  charitable  work. 
Under  the  direction  of  the  Board's  President — Mrs.  Potter 
Palmer — the  work  of  organization,  and  of  enlisting  the 
interest  of  women  throughout  the  United  States  and  in 
foreign  countries,  has  progressed  to  a  most  satisfactory- 
stage. 

Jackson  Park  and  Midway  Plaisance — the  Exposition 
site — are  in  the  southeastern  part  of  Chicago,  and  embrace 
664  acres,  with  a  frontage  of  about  a  mile  and  a  half  on 
Lake  Michigan.  Forty-five  miles  of  boulevard  connect  the 
site  with  the  general  park  system  of  Chicago,  which 
embraces  fifteen  or  more  parks,  aggregating  2,000  acres. 

Half  a  million  dollars  has  already  been  expended  in 
grading  Jackson  Park  and  dredging  extensive  waterways 
throughout  it.  Hundreds  of  thousands  are  yet  to  be  spent 
for  landscape  gardening,  fountains,  statuary,  pleasure  boats, 
etc.  A  number  of  observation  towers,  from  which  excellent 
views  of  the  buildings  and  grounds  can  be  obtained,  will  be 
erected  in  different  parts  of  the  Park. 

According  to  present  plans  fully  150  restaurants  and 
cafes  will  be  in  operation  in  the  various  buildings  and  about 
the  grounds.  These  will  be  conveniently  distributed,  and 
will  have  an  estimated  aggregate  seating  capacity  of  6,000 
or  8,000. 

Midway  Plaisance,  connecting  Jackson  Park  with  Wash- 
ington Park,  will  be  occupied  throughout  its  entire  length 
by  special  Exposition  features  largely  of  a  foreign  character, 
such  as  the  *'  Bazaar  of  All  Nations,"  ''  Street  in  Cairo," 
**  Street  in  Constantinople,"  ''Moorish  Palace,"  ''Maori 
Village,"  etc.,  to  which  concessions  have  been  granted,  and 
which,  in  their  production,  will  represent  the  expenditure 
of  hundreds  of  thousands  of  dollars.  Panoramas,  cyclo- 
ramas,  the  sliding  railway,  etc.,  will  also  be  located  there. 

A  single  entrance  fee,  probably  fifty  cents,  will  entitle 
visitors  to  see  the  entire  exposition  proper.  The  special 
attractions  on  Midway  Plaisance  will  make  a  moderate 
additional  charge. 

The   hotel    accommodations   of    Chicago,    already   very 


May,  1892.]  The    World's    Fair.  369 

extensive,  are  being  augmented  by  the  erection  of  fully 
twenty  new  hotels,  some  of  which  are  vxry  large.  Two 
million  dollars  or  more  are  to  be  spent  by  the  city  and  the 
Park  Commissioners,  in  putting  the  streets,  parks,  etc.,  in 
presentable  condition  against  the  influx  of  visitors. 

It  may  be  said  to  be  assured  that  the  exhibits  at  the 
exposition  will  cover  a  wider  range  and  be  far  more  numerous 
than  were  ever  before  gathered  together.  They  will  pre- 
sent a  picture  of  the  condition  and  industrial  progress  of 
mankind  in  every  quarter  of  the  world,  and  of  its  achieve- 
ments in  every  branch  of  the  sciences  and  arts.  The  expo- 
sition classification  embraces  twelve  departments,  176 
groups,  and  967  classes.  The  application  for  space  by 
intending  exhibitors  in  the  United  States  alone,  numbered 
2,082  on  January  ist.  The  number  at  the  Philadelphia 
Centennial  on  corresponding  date  was  864.  Applications 
from  foreign  exhibitors  are  reported  very  numerous  and 
rapidly  increasing.  It  seems  assured  that  the  exhibitors 
will  outnumber  those  at  any  previous  world's  fair.  The 
allotment  of  space  will  be  made  about  June.  The  reception 
of  exhibits  will  begin  November  i,  1892,  and  continue  until 
April  10,  1893.  No  charge  will  be  made  for  space  for 
exhibits. 

The  exposition  buildings,  as  required  by  Act  of  Congress, 
will  be  dedicated  '*  with  appropriate  ceremonies"  on  October 
12,  1892,  the  400th  anniversary  of  the  discovery  of  America 
by  Columbus.  The  exercises  will  occupy  three  days,  begin- 
ning on  the  I  ith  and  closing  on  the  13th  with  a  grand  dedi- 
cation ball.  The  committee  having  the  matter  in  charge 
has  planned  to-  make  the  ceremonies  most  impressive  in 
character.  Something  like  §300,000  will  be  spent  to  secure 
this  end.  The  President  of  the  United  States  and  his 
Cabinet,  the  Senate  and  House  of  Representatives,  the 
Governors  of  the  several  States  with  their  stalls,  and  repre- 
sentatives of  all  foreign  nations  will  be  invited  to  be  present. 
The  mobilization  of  10,000  militia  and  several  thousand 
regulars  is  planned,  as  is  also  an  imposing  civic  and  indus- 
trial display.  In  the  evenings  there  will  be  a  magnificent 
display  of  fireworks,  and  in  the  Park  waterways  a  pageant 
Vol.  CX.WIH.  24 
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of  symbolical  floats,  representing  the  ''  Procession  of  the 
Centuries."  In  the  dedicatory  exercises  on  the  12th,  the 
complete  buildings  will  be  tendered  by  the  President  of  the 
Exposition  to  the  National  Commission.  President  T.  W. 
Palmer  will  accept  them  on  behalf  of  that  body  and  will  at 
once  present  them  to  the  President  of  the  United  States, 
who  will  fittingly  respond.  The  dedicatory  oration  will 
follow.  Much  attention  is  being  given  to  the  musical  por. 
tion  of  the  programme.  This  will  include  a  dedicatory  ode 
and  orchestra  marches  written  for  the  occasion.  These  and 
other  numbers,  including  ''America"  and  "Star  Spangled 
Banner,"  will  be  rendered  with  full  choral  and  orchestral 
accompaniment. 

In  April,  1893,  a  grand  international  naval  review,  pre- 
liminary to  the  opening  of  the  exposition,  as  provided  for 
by  Act  of  Congress,  will  be  held  in  New  York  harbor. 
Arrangements  for  this  are  now  being  made. 

The  exposition  will  open  its  doors  to  the  public  on  May 
I,  1893,  and  close  them  on  October  30th,  of  the  same  year. 


A    PRACTICAL     CONSIDERATION     of     COMPRESSED 

AIR. 


By  Wm.  L,  Saunders,  C.E. 


\_A  lecture  delivered  before  the  Franklin  Institute,  December  11,  i8gi.'] 

In  an  address  recently  delivered  before  this  Institute  and 
published  in  the  Journal  for  July,  1891,  Dr.  Coleman  Sellers, 
in  referring  to  the  utilization  of  the  power  at  Niagara  Falls, 
used  the  following  words  : 

"  You  may  wonder  why  compressed  air  is  thought  of  at 
all  for  transmission,  as  you  have  known  in  America  that  it 
has  been  thought  to  be  a  very  wasteful  manner  of  trans- 
mitting power,  but  the  recent  improvements  that  have  been 
made  in  compressors  have  very  much  changed  the  condition 
of  that  mode  of  transmission,  and  the  fact  that  so  much 
gain  is  possible  by  reheating  the  air  indicates  a  cheap  power 
which  can  be  transmitted  long  distances  with  economy." 
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This  concise  and  truthful  statement  has  been  selected 
as  a  text  for  what  I  have  to  say  on  the  subject  of  com- 
pressed air,  because,  in  the  first  place,  it  calls  attention  to 
the  very  general  impression  which  exists  in  America  as  to 
the  "  very  wasteful  manner,"  by  which  power  is  transmitted 
by  compressed  air,  and  it  suggests  the  true  solution  of  the 
problem,  which  is  in  the  direction  of  improvements  in  air 
compressors  and  reheating  the  air. 

Compressed  air,  though  one  of  the  oldest  of  the  sciences, 
is  in  its  development  and  use  one  of  the  youngest.  Hero 
of  Alexandria,  a  century  before  Christ,  experimented  and 
wrote  upon  *'  Pneumatics,"  calling  special  attention  to  the 
influence  of  heat  in  expanding  and  contracting  air,  and 
Prof.  Thurston  has  given  us  an  account  of  an  invention 
which  was  put  into  practical  use  by  Hero,  by  which  the 
opening  and  closing  of  temple  doors  was  effected  by  the 
alternate  rarefaction  and  condensation  of  air  which  was 
brought  in  contact  with  heated  and  cooled  surfaces  of  altar 
tops.  Yet  the  science  of  pneumatics  played  no  important 
part  in  industrial  progress  until  scarcely  more  than  a  cen- 
tury ago  it  came  into  general  use  for  diving-bells,  and  later 
on  it  was  applied  by  Brunei  to  caisson  work. 

The  use  of  compressed  air  in  America  has  been  confined 
almost  exclusively  to  mining,  tunnelling,  bridge  building 
and  work  in  a  confined  space  for  which  no  other  power  was 
available.  The  question  has  not  been  one  of  economy  of 
power,  but  of  durability  of  apparatus,  low  first  cost,  light 
weight,  economy  of  space  and  general  availability  for  the 
purpose.  Dry,  pure  air  delivered  at  a  sufiicient  pressure  by 
a  machine  which  could  be  depended  upon,  has  been  the  con- 
trolling consideration.  Such  a  condition  of  things  offers 
no  stimulus  in  the  line  of  fuel  economy,  and  it  is  only  dur- 
ing recent  years  and  since  the  use  of  compressed  air  has 
been  extended  to  work  above  ground,  that  the  percentage  of 
power  delivered  in  proportion  to  that  consumed  has  been 
recognized  as  a  thing  of  great  importance  in  the  science. 

Since  the  necessity  of  economy  in  the  production  and 
use  of  compressed  air  power  became  recognized,  the  ques- 
tion has  been  considered  and  the  science  developed  by  two 
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distinct  classes  of  men,  the  theorists  and  the  practical 
men.  The  theorists  are  the  professors  and  engineers 
whose  skill  as  mathematicians  has  enabled  them  to 
indulge  in  such  an  array  of  figures,  and  to  produce  so 
many  cobwebs  in  diagrams  relating  to  the  expansion  and 
contraction  of  gases,  and  bearing  upon  the  intricate  laws 
of  thermodynamics,  that  the  more  practical  engineers  have 
avoided  the  subject  as  one  which  belonged  only  to  special- 
ists. The  practical  men  have  been  left  to  themselves  to 
make  improvements,  and  have  made  slow  progress  because 
they  did  not  possess  the  proper  theoretical  knowledge.  In 
other  words,  that  true  combination  of  theory  and  practice 
which  leads  to  the  best  results  has  been  wanting  among 
pneumatic  engineers. 

The  whole  question  of  compressed  air  economy  is  based 
upon 

(i)  Economy  of  production  ; 

(2)  Economy  of  use. 

Transmission  calls  for  but  little  consideration.  This 
statement  will  doubtless  surprise  many  who  look  upon  the 
losses  suffered  in  the  use  of  compressed  air  as  due  largely 
to  transmission,  and  no  better  evidence  is  needed  of  the 
obscurity  of  the  science,  even  among  engineers,  than  this 
fact.  There  is  not  a  properly  designed  compressed  air 
installation  in  operation  to-day  that  loses  over  five  per  cent, 
by  transmission  alone.  The  question  is  altogether  one  of 
the  size  of  pipe,  and  if  the  pipe  is  large  enough  the  friction 
loss  is  a  small  item.  It  is  undoubtedly  true  that  there  are 
places  where  a  conduit  has  been  laid  for  a  certain  volume  of 
air,  and  where  the  supply  has  been  increased  without 
increasing  the  size  of  the  conduit,  the  result  of  this  being 
that  more  air  is  forced  through  the  pipe  than  its  sectional 
diameter  will  admit  economically;  hence  the  velocity  of  flow 
is  increased,  and  as  the  friction  is  in  direct  proportion  to  the 
velocity,  the  loss  of  power  is  also  increased.  The  largest 
compressed  air  power  plant  in  America  is  that  at  the  Chapin 
Mines  in  Michigan,  where  the  power  is  generated  at  Quin- 
nesec  Falls,  and  transmitted  three  miles.  This  is  not  an 
economical  plant,  but  the  loss  of  pressure  as  shown  by  the 
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gauge  is  only  two  pounds,  and  this  is  the  loss  which  maybe 
laid  strictly  to  transmission.  I  recently  visited  the  Jeddo 
Tunnel,  near  Hazelton,  Pa.,  where  compressed  air  at  sixty 
pounds  pressure  is  conveyed  10,860  feet.  They  told  me  that 
they  had  tried  the  gauges  on  both  ends  of  the  line,  and  had 
found  no  difference  whatever  in  pressure,  but  that  the 
gauges  had  been  sent  to  the  shops  for  repairs  as  they  were 
convinced  that  **  something  was  wrong."  The  result  was 
not  changed  when  the  gauges  had  been  "  repaired,"  and  it 
was  evident  that  this  apparently  perfect  economy  of  trans- 
mission was  due  to  the  fact,  that  a  large  pipe  (five  and  three- 
fourths  inches  in  diameter)  was  used  to  convey  so  small  a 
volume  of  air,  that  the  velocity  in  the  pipes  produced  so 
small  a  friction  loss  that  it  could  not  be  recorded  on  the 
gauge. 

A  question  commonly  asked  is,  How  much  power  is  lost 
in  using  compressed  air?  I  usually  reply,  fifty  per  cent., 
because  a  proper  qualification  of  the  question  will  result  in 
figures  in  one  case  below  and  in  the  other  above  fifty  per 
cent.  If  compressed  air  is  produced  by  the  best  modern 
air  compressor,  and  used  by  the  best  modern  engine  imme- 
diately at  the  compressor,  the  loss  is  only  that  which  is  suffered 
when  using  any  like  engine,  and  is  confined  in  its  greatest 
extent  to  the  question  of  engine  friction,  and  is  only  to  a 
small  degree  influenced  by  shrinkage  of  volume  through 
radiation,  clearance  loss,  leakage,  etc.  In  such  cases  the 
loss  varies  between  ten  and  twenty-five  per  cent.,  but  such 
cases  are  rare,  because  it  would  obviously  be  more  econo- 
mical to  use  the  steam  direct. 

The  usual  conditions  of  compressed  air  use  are  those 
where  the  air  engine  is  situated  from  1,000  feet  to  several 
miles  from  the  compressor.  In  most  cases  the  distance  is 
so  great  that  the  compressed  air  enters  the  engine  at  a 
temperature  equal  to  that  at  which  it  entered  the  compres.sor. 
Were  it  possi])le  to  produce  compressed  air  isdthermally; 
that  is,  without  increase  of  temperature  during  compression, 
the  ser\'ice  would  be  economical  even  at  low  temi>eratures, 
but  isothermal  compression  has  never  been  realized,  and 
the  heat  produced  during  compression  (which  is  the  e.xact 
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equivalent  of  the  power  applied)  is  suffered  to  increase  the 
pressure,  and  hence  to  increase  the  resistance  to  com- 
pression, without  a  relative  increase  of  volume.  Hot  air 
under  pressure  is  discharged  into  a  receiver,  and  the  gauge 
indicates  a  pressure  of  (say)  sixty  pounds,  which  is  equal  to 
that  recorded  by  the  gauge  10,000  feet  away,  yet  it  is  a  false 
indication  as  affecting  the  question  of  power,  because  every 
cubic  foot  of  sixty  pounds  air  at  the  compressor  is  less  in 
weight  than  an  equal  volume  of  equal  pressure  air  at  the 
engine,  in  exact  proportion  to  the  difference  in  temperature. 
The  result  of  this  is  that  an  air  engine  which  uses  (say)  100 
cubic  feet  of  sixty  pounds  air  per  minute  at  the  tempera- 
ture of  the  surrounding  atmosphere,  really  uses  about  150 
cubic  feet  of  sixty  pounds  air  at  the  receiver  temperature. 
All  this  is  very  important  in  looking  for  a  remedy  for  com- 
pressed air  losses,  because  it  points  to  the  influence  of  heat 
upon  air,  and  the  importance  of  reheating  compressed  air. 

The  loss  of  power  in  common  practice  where  compressed 
air  is  used  to  drive  machinery  in  mines  and  tunnels,  is  about 
seventy  per  cent.  I  refer  to  cases  where  common  American 
air  compressors  are  used,  and  where  the  air  is  transmitted 
far  enough  to  lose  its  heat  of  compression  and  is  exhausted 
without  reheating. 

In  the  best  practice,  with  the  best  air  compressors,  and 
without  reheating,  the  loss  is  about  sixty  per  cent. 

These  losses  may  be  reduced  to  a  point  as  low  as  twenty 
per  cent,  by  combining  the  best  systems  of  reheating  with 
the  best  air  compressors.  In  France,  England  and  Ger- 
many there  have  been  erected  during  recent  years  large 
compressed  air  installations.  In  Paris  about  25,000  horse- 
power is  transmitted  over  the  city  and  is  used  to  drive 
engines  and  for  many  other  purposes.  With  a  less  efficient 
production  than  our  American  system,  they  have  advanced 
beyond  us  in  the  use  of  compressed  air.  Reheating  has 
been  put  into  general  use,  while  here  in  America  the 
improvements  have  been  more  conspicuous  in  the  air  com- 
pressor. Prof.  Kennedy,  whose  elaborate  report  on  the  Paris 
plant  is  accepted  as  an  authority,  uses  the  following  words : 

"Summarizing    now   the   whole  matter  as  regards    efifi 
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ciency,  it  may  be  said  that  the  result  of  my  detailed  investi- 
gations is  to  show  that  the  compressed  air  transmission 
system  in  Paris  is  now  being  carried  on,  on  a  large  commer- 
cial scale,  in  such  a  fashion  that  a  small  motor  four  miles 
away  from  the  central  station  can  indicate  in  round  numbers 
ten  horse-power,  for  twenty  horse-power  at  the  station  itself, 
allowing  for  the  value  of  the  coke  used  in  heating  the  air." 
Prof.  Kennedy  concludes  his  report  by  saying,  *' Nothing, 
indeed,  can  be  easier  (as  was  evident  on  the  recent  visit  of 
the  Institution  of  Mechanical  Engineers  to  St.  Fargeau) 
than  to  point  out  various  weak  points  in  the  arrangements 
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Fig.  r. 
adopted."  We  may  reasonably  expect  to  add  to  this  fifty 
per  cent,  efficiency  attained  in  Paris  by  an  installation  which 
combines  the  American  compound  condensing  Corliss  air 
compressor  with  an  efficient  and  economical  reheating  anna- 
ratus  and  Corliss  or  other  economical  engines. 

The  whole  .science  of  the  production  and  use  of  com- 
pressed air  can  be  best  understood  by  a  simple  practical 
illustration. 

Fig.  I  is  an  open  cylinder  which  may  be  made  to  \\\\X9^ 
trate  at  the  same  time  the  air  compressor  and  the  air 
engine.  The  piston  at  the  point  shown  is  suppo.sed  to  con- 
fine a  volume  of  free  air  in  the  cvlinder  and    it  n  tr-mnt  ra. 
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ture  of  60^.  Let  it  be  pressed  down  until  it  reaches  the 
point  indicated  by  forty-five  pounds  at  the  left,  and  the 
pressure  will  follow  the  dotted  line  marked  ''Adiabatic." 
This  is,  of  course,  assuming  that  the  heat,  which  is  invaria- 
bly produced  by  compression,  is  suffered  to  remain  in  the 
air  and  to  influence  the  pressure,  AVe  here  have  a  confined 
volume  of  compressed  air  at  a  pressure  of  forty-five  pounds 
and  a  temperature  of  320°.  Let  there  be  no  absorption  of 
heat  and  the  piston  if  released  will  return  to  the  starting- 
point,  the  pressure  following  exactly  the  line  indicated 
during  compression  and  the  temperature  returning  to  60°. 
In  such  a  case  we  assume,  of  course,  that  the  piston  is  fric- 
tionless.  This  points  to  the  fact  that  compressed  air  is  a 
perfect  spring,  and  that  the  heat  of  compression  when 
utilized  can  be  made  to  return  its  full  value  of  energy. 

An  air  compressor  in  spite  of  its  cooling  apparatus 
usually  furnishes  compressed  air  at  pressures  following 
closely  the  adiabatic  line,  so  that  the  illustration  applies  to 
a  typical  case  so  far  as  the  compression  is  concerned.  This 
subject  of  adiabatic  compression  has  been  fully  referred  to, 
and  the  difficulties  which  have  stood  in  the  way  of  isother- 
mal compression  have  been  pointed  out  in  a  pamphlet 
written  by  me  about  a  year  ago,  entitled  Compressed  Air 
Production,  published  by  the  Eyigineering  News  Publish- 
ing Company,  New  York. 

We  have  now  seen  that  the  heat  of  compression  is  not 
such  a  serious  thing  provided  it  can  be  utilized.  The  hot  com- 
pressed air  confined  below  the  piston  at  the  forty-five  pound 
point,  if  transferred  through  pipes  or  otherwise  to  an  air 
engine  and  maintained  hot,  will  do  as  much  work  as  we  have 
just  seen  is  possible  when  applied  to  the  air  compressor 
itself  in  driving  the  piston  back  to  the  starting  point.  To 
convey  this  air  some  distance  hot,  is  a  difiicult  matter,  for 
compressed  air  though  very  slow  in  taking  up  heat,  has  so 
low  a  specific  heat  that  it  parts  with  its  temperature 
rapidly.  This  loss  of  heat  is  the  only  serious  obstacle, 
because,  as  we  have  seen,  the  friction  loss  in  the  pipe  is  not 
serious,  and  experiments  have  conclusively  proved  that 
leakage   in  a  good    system    cuts    no   figure   in    the   loss  of 
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power.  I  have  pointed  out  in  Compressed  Air  Production, 
the  reasons  why  clearance  loss  is  of  little  consequence  in 
an  American  air  compressor.  This  is  especially  true  in 
adiabatic  compression  because  here  what  little  clearance 
there  is  serves  only  to  confine  hot  compressed  air  which  acts 
as  a  spring,  and  which  gives  out  a  full  return  of  power  when 
the  stroke  is  reversed. 

As  air  parts  with  its  heat  rapidly,  we  cannot  advise 
saving  the  heat  during  transmission  by  covering  the  pipe, 
so  that  we  now  suffer  the  loss  of  heat  during  transmission 
to  go  on,  depending  upon  restoring  the  heat  immediately  at 
the  air  engine.  Xow  this  reheating  is  not,  as  some  may 
suppose,  a  means  by  which  the  gain  is  only  equal  to  the  ex- 
penditure. Air  is  almost  a  perfect  gas,  and  the  application 
of  heat  is  a  direct  transfer  of  energy  to  a  substance  which, 
through  its  elasticity,  is  capable  of  giving  a  full  return. 
We  burn  a  pound  of  coal  under  the  boiler,  and  get  only 
about  ten  per  cent,  back  in  power,  because  of  the  large  loss 
in  the  stack,  the  loss  in  the  exhaust,  the  difficulties  in  the 
way  of  utilizing  the  latent  heat,  etc.,  but  when  we  heat 
compressed  air,  the  thermal  energy  in  the  coal  is  stored  in 
the  air,  and  we  are  only  limited  in  our  efforts  to  utilize  all 
of  it  by  the  reduction  of  pressure  which  takes  place  more 
rapidly  than  the  reduction  of  temperature,  and  hence  a 
warm  exhaust.  Radiation  of  heat  between  reheater  and 
engine  is  also  a  source  of  some  loss. 

Returning  to  Fig.  /,  let  us  imagine  that  the  piston  has 
been  stopped  at  the  forty-five  pound  point,  and  that  this  air, 
which,  as  we  have  seen,  has  a  temperature  of  320^,  is  trans- 
ferred into  a  receiver  and  used  at  a  point  a  mile  away.  The 
temperature  will  now  be  reduced  to  60°,  and  if  the  system  is 
well  designed,  we  have  nearly  forty-five  pounds  pressure  on 
the  other  end  of  the  line,  so  that  the  volume  of  air  will  be 
reduced  in  size  corresponding  with  the  space  underneath 
the  lowest  horizontal  dotted  line  in  the  figure.  This  is 
marked  "  Volume  i."  It  is  now  used  without  reheating,  to 
do  work  in  an  engine,  and  the  line  of  reduction  in  pressure 
will  now  follow  the  lower  dotted  line  marked  "Adiabatic" 
until  it  reaches  the  point  marked  —  201  °,  which  will  represent 
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the  temperature  of  the  air  when  exhausted  at  atmospheric 
pressure.  We  now  see  that  instead  of  getting  back  to  the 
starting  point  the  piston  has  only  power  enough  to  return 
about  half-way. 

If,  on  the  other  hand,  heat  were  applied  during  expansion, 
the  pressure  would  follow  the  line  marked  "  Isothermal 
Expansion "  and  the  piston  would  return  to  the  starting 
point. 

Another  case  is  shown  by  the  figure  in  which  the  air  is 
compressed  adiabatically  to  forty-five  pounds,  and  heat 
enough  is  applied  during  expansion  to  maintain  the  tem- 
perature at  320°,  until  the  air  is  exhausted  at  atmospheric 
pressure.  This  case  illustrates  the  possibility  of  obtaining 
more  power  out  of  a  given  volume  of  air  after  compression 
than  was  expended  at  the  compressor. 

Reheating  compressed  air  may  be  divided  into  two 
systems : 

(i)  That  in  which  the  reheating  takes  place  in  the  con- 
duit and  before  the  air  passes  the  valve  of  the  engine. 

(2)  Reheating  in  the  cylinder  of  the  air  engine  after 
admission  and  cut-off. 

The  first  case  is  the  common  practice,  and  is  of  value  in 
that  it  saves  air  volume.  It  cannot  increase  the  pressure 
because  there  is  a  continuous  elastic  air  connection  between 
the  receiver  at  the  compressor  and  the  heater.  Compressed 
air  which  leaves  the  receiver  at  a  temperature  of  300°,  and 
which  passes  through  a  large  conduit,  losing  its  tempera- 
ture, maintains  its  pressure  because  of  this  continuous 
elastic  connection. 

The  reheater  serves  to  reduce  the  velocity  with  which  the 
air  is  drawn  through  the  pipe,  because  it  delivers  hot  air  to 
the  engine  at  the  same  pressure  as  though  there  were  no 
reheater,  and  the  temperature  being  higher,  the  power  in 
each  cubic  foot  of  air  remains  the  same  though  the  volume 
weight  is  less.  This  valuable  service  performed  by  the 
reheater  is  limited  only  by  the  fact  that  air  engines  cannot 
work  to  advantage  at  temperatures  over  350°;  hence  in  a 
system  that  compresses  air  adiabatically  to  about  sixty 
pounds  pressure,  and  delivers  it  cold   at  a  reheater,  it  is 
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possible  to  restore  the  temperature  to  the  original  point, 
and  thus  lose  in  power  only  through  friction  of  the  com- 
pressor, consumption  of  coal  in  reheater,  friction  in  con- 
duit, leakage,  etc. 

The  second  case  is  a  problematical  one,  as  thus  far  it  has 
not  been  found  practicable  to  reheat  directly  ///  the  engine. 
The  only  device  which  seems  to  offer  encouragement  in  this 
line  is  the  system  of  internal  reheating,  which  the  writer 
has  applied  with  some  success,  and  which  will  be  described 
later  on.  By  internal  reheating  direct iy  against  the  piston  of 
the  air  engine  an  enormous  advantage  can  be  gained,  and,  as 
shown  by  Fig.  /,  more  power  may  be  derived  from  a  volume 
of  compressed  air  than  was  originally  expended  at  the  com- 
pressor. This  aditional  power  has  been  derived  directly 
through  heat  acting  upon  the  intrinsic  energy  which  was 
stored  in  the  free  air  before  it  entered  the  compressor. 

The  Paris  reheater  is  simply  a  coke  stove  which  sur- 
rounds the  air  pipe.  It  has  been  modified  in  various  ways 
and  at  several  places.  The  flue  surrounds  the  air  pipe 
nearly  up  to  the  steam  chest  of  the  engine,  so  that  very 
little  heat  is  lost.  Radiation  is  also  reduced  to  a  small 
figure.  Prof.  Kennedy  tells  us  :  "  The  air  was  heated  in 
passing  through  the  stove  up  to  315°  F.  with  a  consumption 
of  about  0'39  pounds  of  coke  per  I.  H.  P.  per  hour.  As  the 
admission  temperature  of  the  cold  air  was  83^  only,  this  cor- 
responds to  an  increase  of  about  forty-two  per  cent,  in  the 
volume  of  the  air  and  should,  therefore  (had  the  indicated 
efficiency  remained  the  same),  have  been  accompanied  by  a 
decrease  of  air  consumption  in  the  ratio  of  one  divided  by 
1*42  or  070  inches.  The  air  used  in  Paris  is  about  eleven 
cubic  feet  of  free  air  per  minute  per  indicated  horse-power. 
The  ordinary  practice  in  America  with  cold  air  is  from 
fifteen  to  twenty-five  cubic  feet  per  minute  per  indicated 
horse-power.  In  Prof.  Kennedy's  experiments  the  engines 
were  found  to  consume  about  fifteen  cubic  feet  of  air  per 
minute  per  indicated  horse-power  without  reheating. 

The  amount  of  fuel  consumed  during  reheating  is  trifling. 
With  the  rehcaters  commonly  employed  it  amounts  lo  fmui 
one  to  two  cents  per  horse-power  per  day.     A  more  economi- 
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cal  system  of  reheating  will  reduce  these  figures  consider- 
ably. Prof.  Kennedy  says  of  the  Paris  reheaters :  "  It  would 
not  be  difficult  to  design  a  more  economical  stove." 

Fig.  2  illustrates  a  reheater  in  which  the  air  is  brought 
in  contact  with  the  fuel.  The  illustration  is  taken  from  a 
case  which  was  put  into  actual  service  in  connection  with 
a  rock  drill.  Immediately  above  the  throttle  valve  and  near 
the  steam  chest  was  placed  an  enlarged  pipe  fitting,  in  the 
interior  of  which,  a  little  above  the  centre,  was  fixed  a  piece 
of  wire  gauze  ;  above  this  gauze  charcoal  was  thrown,  some 


Fig.  2. 
of  it  being  in  an  incandescent  state.  The  whole  chamber 
was  closed  and  the  compressed  air  turned  on.  The  air  was 
thus  brought  in  direct  contact  with  the  burning  charcoal 
and  was  admitted  to  the  drill  cylinder  extremely  hot.  With 
the  consumption  of  a  piece  of  charcoal  an  inch  and  a  half  in 
section  and  about  two  inches  long,  about  two  feet  of  hole 
were  drilled.  Instead  of  charcoal  a  substance  called  sesta- 
lit  has  been  used  with  success,  the  advantage  of  sestalit 
being  that  it  remains  ignited  for  some  length  of  time  after 
the  air  has  been  shut  off,  and  the  products  of  combustion 
when  discharged  in  a  confined  space  are  not  objectionable. 
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The  system  of  reheating-  by  internal  contact  is  theoreti- 
cally the  most  perfect,  because  the  full  value  of  the  heat 
units  in  the  fuel  are  transferred  to  the  air.  The  air  pipe  is 
at  the  same  time  the  combustion  chamber  and  the  flue,  the 
products  of  combustion  adding  about  five  per  cent,  to  the 
volume  of  the  air,  in  addition  to  the  large  increase  through 
expansion  by  heat.  Box  is  authority  for  the  statement  that 
"  When  oxygen  and  carbon  combine,  the  volume  of  the  car- 
bonic acid  gas  formed  is  nearly  the  same  as  that  of  the 
oxygen  consumed ;  when,  therefore,  a  combustible  contains 
carbon  only,  the  volume  of  gas  in  the  chimney  is  the  same  as 


Fig.  3. 

that  of  the  air  entering  the  fire,  expanded  of  course  to  the 
volume  due  to  the  increased  temperature,  the  oxygen  con- 
sumed having  been  replaced  by  the  same  volume  of  car- 
bonic acid  gas.  The  nitrogen  in  the  air  is  passive,  passing 
through  fire  without  chemical  alteration.  If  the  combusti- 
ble contains  water  already  formed  and  with  which  it  is 
more  or  less  saturated,  vapor  is  formed  from  it  and  is  added 
to  the  products  of  combustion." 

A  simple  reheateris  shown  in  Fi^\  j. 

A  common  lamp  is  placed  within  the  air  pipe,  the  oil  being 
supplied  to  the  lamp  by  means  of  a  hand  pump.  I  first 
applied  this  system  to  one  of  the  pipe  lines  on  the  new 
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Croton  Aqueduct,  using  a  common  miner's  lamp  placed  in  a 
four-inch  pipe. 

Fig.  4  illustrates  an  electric  reheater.  The  air  compressor 
is  shown  at^,  compressed  air  being  conveyed  through  pipe 
B  to  receiver  C,  thence  through  a  conduit  D  to  3.  pump  E, 
situated  (say)  a  mile  away.  In  the  engine  room  with  the 
compressor  is  a  dynamo  H,  which  serves  to  light  the  mine. 
At  a  point  near  the  pump  a  resistance  coil  F  is  placed  in  a 
chamber  communicating  directly  with  the  compressed  air. 
This  resistance  coil  is  made  of  any  highly  refractory  sub- 
stance, which  resists  the  passage  of  a  current  to  such  an 


extent  that  the  electricity  is  converted  into  heat,  and  the 
heat  is  thus  imparted  to  the  compressed  air.  Such  a 
reheater  as  this  has  many  advantages.  The  entire  absence 
of  combustion  makes  it  perfectly  safe  for  inflammable 
mines,  and  the  ease  with  which  it  is  applied  by  simply 
opening  or  closing  a  switch  recommends  it.  It  is  also  a 
cheap  device  and  has  been  applied  recently  in  the  shape  of 
a  simple  coil  of  wire  placed  in  an  air  pipe.  The  conversion 
of  electricity  into  heat  is  an  economical  one,  it  being  a 
well-known  fact  that  a  current  of  any  potential,  when  inter- 
cepted  by  sufficient  resistance,  may  be  entirely  absorbed  and 
returned  as  heat.     This  is  accomplished  unit  for  unit,  and  as 
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the  loss  in  electric  energy  through  transmission  is  low 
when  compared  with  the  shrinkage  which  takes  place  in 
compressed  air,  we  here  have  a  means  by  which  the  effi- 
ciency of  the  whole  system  may  be  increased  by  calling 
upon  the  electric  wire  to  reheat  the  compressed  air. 

That  it  is  theoretically  possible  to  obtain  from  hot  com- 
pressed air  more  power  than  was  expended  at  the  com- 
pressor, has  been  shown  in  Fig.  i.  That  this  may  not  be 
confounded  with  perpetual  motion  but  may  be  made  clear, 
I  have  prepared  a  sketch,  shown  in  Fig.  j. 
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Sulphuric  acid  in  its  concentrated  form,will  when  exposed 
in  an  open  dish,  absorb  moisture  from  the  atmosphere  to 
the  extent  of  about  double  its  weight.  A  hypothetical 
assumption  is  made  of  a  pump  arranged  to  discharge 
sulphuric  acid  in  the  direction  shown  by  the  arrow  to  an 
open  dish  elevated  (say)  100  feet.  The  amount  of  power 
necessary  to  discharge  a  certain  quantity  of  sulphuric  acid 
into  this  dish,  is  exactly  equal  to  the  power  which  the 
sulphuric  acid  is  capable  of  giving  out  when  falling  back 
again,  less  the  friction  of  the  pump,  leakage,  etc.  Now  let 
us  assume  that  the  sulphuric  acid  in  the  open  dish  remained 
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there  long  enough  to  absorb  moisture  from  the  atmosphere 
until  its  weight  has  been  doubled ;  it  will  thus  obviously 
have  twice  the  amount  of  power  in  falling  back  again,  and 
if  the  friction  and  leakage  losses  were  not  too  great  it  will 
be  capable  of  driving  the  pump,  and  of  returning  an  equiva- 
lent volume  of  the  concentrated  acid  to  the  dish.  If  the 
same  acid  is  used  over  again  the  moisture  must  be  driven 
out,  and  lamps  are  shown  in  the  sketch  provided  for  this 
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Fig.  6. 

purpose.  The  analogy  between  this  hypothetical  case  of 
sulphuric  acid  and  one  of  compressed  air  is,  that,  as  with 
acid  we  may  draw  power  from  moisture  which  is  contained 
in  the  air,  so  with  compressed  air  may  we  draw  upon  the 
intrinsic  heat  energy  of  the  atmosphere. 

These  thoughts  suggest  the  advisability  of  defining  still 
further  what  is  meant  by  intrinsic  energy.  Air  being  a 
practically  perfect  gas  it  will  expand  or  contract  in  volume 
through  a  definite  range  in  proportion  to   its  temperature. 
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Experiments  made  with  air  at  temperatures  between  the 
freezing  and  the  boiling"  points  of  water,  have  given  us  the 
ratio  of  contraction  of  volume  by  reduction  of  temperature 
from  which  the  absolute  zero  has  been  determined.  The 
absolute  zero  of  air  is  about  — 461°  F.,  and  is  that  point  at 
which  any  volume  of  air  is  reduced  to  nothing  through 
expansion.  In  other  words,  the  air  may  be  said  to  be  con- 
densed at  —  461°.  We  have  therefore  a  base  line  which 
limits  the  power  contained  in  any  body  of  air. 

Fig.  <5  is  a  graphic  diagram  drawn  for  the  purpose  of  illus- 
trating the  fact  that  the  power  which  is  contained  in  any 
body  of  air  at  a  given  pressure  is  dependent  upon  its  dis- 
tance in  temperature  above  the  absolute  zero,  and  that  there 
is  as  much  power  in  a  pound  of  air  at  fifteen  pounds  gauge 
pressure  and  60°  temperature,  as  there  is  in  one  pound  of 
air  at  100  pounds  gauge  pressure  and  60°  temperature.  One 
pound,  or  thirteen  cubic  feet,  of  air  at  fifteen  pounds  pres- 
sure and  60°  temperature,  is  represented  by  the  space  C. 
The  available  power  in  this  air  is  21,469  foot-pounds.  By 
available  power  is  meant  the  amount  of  power  which  can  be 
utilized  when  this  air  is  expanded  adiabatically  to  atmos- 
pheric pressure.  The  diagram  shows  that  when  such  pres- 
sure is  reached  the  temperature  will  be  —  57°  F.  There  still 
remains  in  this  air  a  certain  amount  of  intrinsic  energy  and 
the  diagram  and  figures  show  that  this  energy  is  equal  to 
74,134  foot-pounds.  This  added  to  the  available  energy 
gives  us  95,603  foot-pounds,  as  the  whole  energy  contained 
in  one  pound  of  air  at  fifteen  pounds  pressure  and  60°  tem- 
perature. 

D  represents  one  pound  of  air  at  100  pounds  pres.sure 
and  60°  temperature.  Its  available  energy  is  77,804  foot- 
pounds,  and  its  intrinsic  energy  is  17,799  foot-pounds  or  the 
total  energy  is  95,603  foot-pounds,  which  is  exactly  equal  to 
the  case  just  cited. 

These  figures  prove  the  correctness  di  that  thermodynamic 
law,  which  states  that  the  power  of  any  elastic  gas  is  in 
direct  proportion  to  its  height  of  fall.  So  long  as  the  tem- 
perature is  above  the  absolute  zero,  there  is  as  much  power 
in  the  same  body  of  air  when  expanded  adiabatically  from 
Vol.  CXX.XIII.  aS 
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a  moderate  temperature  to  an  extremely  low  one,  as  when 
expanded  from  a  high  temperature  to  a  moderate  one,  and 
this  offers  to  some  extent  a  limitation  to  that  system  of 
reheatine  which  increases  the  volume  without  at  the  same 
time  increasing-  the  pressure. 

Fio-  7  is  a  diao-ram  which  illustrates  a  typical  case  in 
American  practice,  where  air  is  admitted  to  a  compressor  at 
60°  and  compressed  adiabatically  to  100  pounds  pressure. 
It  is  then  transmitted  a  sufficient  distance  to  cool  it  down 
to  60°  temperature  and  expanded  back  to  atmospheric  pres- 
sure, the   temperature   falling  to  —  364°.     The   conditions 
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Fig.  7. 
shown  in  the  diagram  are  extreme  and  purely  theoretical.    In 
actual  practice  both  compression  and  expansion  are  only 
approximately  adiabatic. 

Fig.  8  illustrates  an  economical  condition  of  compressed 
air  use  in  mines  and  tunnels.  The  power  is  generated  elec- 
trically and  is  conveyed  by  wire  to  a  point  within  a  few 
hundred  feet  of  the  heading  where  a  rock  drill  is  at  work. 
By  means  of  an  electric  air  compressor  hot  compressed  air 
is  produced  adiabatically,  and  is  expanded  adiabatically  in 
the  cylinder  of  the  drill,  following  closely  the  economical 
conditions  illustrated  and  described  in  Fig.  /.     Such  a  state 
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of  things  as  this  admits  of  an  electric  installation  in  the 
mine  for  the  purpose  of  haulage,  lighting,  traction  and 
pumping,  to  all  of  which  uses  electric  energy  has  been  suc- 
cessfully applied,  and  it  gives  us  a  means  by  which  a  com- 
pressed air  drill  may  be  successfully  and  economically  ope- 
rated at  the  heading.  The  air  may  be  taken  from  the  mine 
and  when  exhausted  at  the  drill  it  serves  to  keep  up  a  circu- 
lation in  so  confined  a  space  as  a  heading,  and  as  it  is 
exhausted  at  atmospheric  temperature  there  is  no  material 
change  in  the  temperature  of  the  mine.  In  some  cases  the 
air  may  be  drawn  through  a  flue  from  the  outside,  and  thus 
through  compression  and  expansion  it  will  serve  to  ventilate 
the  mine,  as  it  does  in  the  case  of  a  compressed  air  installa- 
tion.    The  economy  of  the  system  depends  to  its  greatest 
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Fig.  8. 
extent  upon  the  economy  of  electric  production  and  trans- 
mission. Electrical  engineers  tell  us  that  they  can  deliver 
electric  energy  several  miles  from  the  generating  station 
with  an  efficiency  of  eighty  per  cent.  If  this  is  true  its  con- 
version into  compressed  air  and  its  use  as  a  power  under  the 
conditions  shown  in  the  illustration,  may  be  accomplished 
at  a  very  moderate  reduction  of  efficiency,  because  as  is 
plainly  seen  the  losses  commonly  incurred  in  compressed 
air  service  do  not  here  take  place.  Electric  rock  drills  are 
subject  to  many  costly  limitations.  Thus  far  they  have  not 
been  successful,  and  it  is  a  serious  question  whether  or  not 
it  is  possible  to  accomplish  the  drilling  of  rock  by  the  per- 
cussive principle  (which  is  the  only  true  one),  by  an  electric 
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engine  which  will  be  equal  in  weight,  in  price  and  efficiency 
to  an  air  engine.  The  weight  of  a  rock  drill  is  one  of  its 
most  conspicuous  limitations,  and  from  every  basis  of  theory 
and  practice  a  compressed  air  percussive  engine  will  weigh 
less  than  half  that  of  an  electric  one  of  the  same  power.  An 
electric  drill  is  made  of  copper   which  cannot-  compete  in 


Fig.  9. 
price  with  iron,  and  the  durability  of  the  apparatus  is 
apparently  in  favor  of  the  air  drill.  But  as  mines  are  likely 
to  be  lighted  by  electricity,  and  as  there  are  many  conditions 
of  work  favoring  electric  transmission  for  other  purposes, 
we  here  have  a  means  by  which  all  the  advantages  of  the 
air  drill  are  maintained  in  an  electric  installation. 

Fi^.  Q  illustrates  what  may  be  called  an  endless  chain  of 
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pneumatic  power.  An  air  compressor  draws  its  supply  of 
air  from  a  receiver  in  which  there  is  a  pressure  of  twenty 
pounds.  The  air  is  compressed  to  sixty  pounds,  and  is  car- 
ried down  a  shaft  and  used  to  drive  a  pump.  The  exhaust 
of  the  pump  is  returned  to  the  initial  air  receiver;  and  thus 
the  same  air  is  used  over  and  over  again,  all  of  the  exhaust 
pressure  being  utilized.  As  pumps  usually  exhaust  at  pres- 
sures from  twenty  to  fifty  pounds,  a  large  saving  is  effected 
in  this  alone. 

When  starting,  it  is  simply  necessary  to  open  a  valve  on 
the  initial  air  receiver  until  a  pressure  of  sixty  pounds  has 
been  reached  in  the  secondary  receiver;  the  valve  is  now 
closed  and  the  work  goes  on.  The  economy  of  this  system 
is  apparent.  The  heat  of  compression  is  converted  into 
work  in  the  pump,  and  a  very  low  temperature  of  air  is 
maintained.  The  economy  of  low  initial  temperature  in 
air  compression  has  been  fully  set  forth  in  a  diagram 
which  I  have  published  in  Compressed  Air  Production,  and  a 
power  diagram  of  such  a  system  as  this  indicates  several 
other  economical  points,  notably  the  admission  of  com- 
pressed air  instead  of  free  air  through  the  inlet  valves, 
which  serves  to  reduce  the  heat  loss  during  compression 
and  to  equalize  the  resistance  strains  in  the  engine. 

Fig.  JO  illustrates  in  contracted  form  a  complete  pneu- 
matic installation  comprising  boiler,  air  compressor,  air 
receiver,  air  injector,  supplementary  air  receiver,  pipe  for 
transmission,  reheater  and  air  engine.  The  reheater  and 
air  engine  should  be  considered  as  situated  from  1,000  feet 
to  several  miles  from  the  compressor. 

It  will  be  observed  that  atmospheric  air  is  drawn  in  the 
piston  inlet  tube  of  the  compressor  at  60°  temperature.  It 
is  compressed  adiabatically  ;  that  is,  without  any  provision 
for  cooling  during  compression,  and  in  this  way  all  of  the 
power  expended  in  the  steam  cylinder  is  converted  into 
heat,  which  remains  as  power  in  the  air.  Perfect  adiabatic 
compression,  as  previously  stated,  cannot  be  attained 
because  of  the  absorption  of  heat  by  the  metallic  surfaces, 
radiation,  etc.  For  the  sake  of  illustration,  however,  the 
figures  are  given  at  adiabatic  compression. 
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Now,  we  have  seen  that,  if  all  of  this  heat  can  be 
utilized,  it  will  return  lOO  per  cent,  in  power,  less  such  small 
items  as  friction,  leakage,  etc.,  and  the  purpose  of  this 
sketch  is  to  call  attention  to  a  means  by  which  at  least  a 
large  part  of  this  heat  may  be  saved,  and  not  wasted  by 
radiation  into  the  atmosphere  or  by  absorption  in  water. 
An  air  injector  is  located  between  two  air  receivers,  and 
the  highly  compressed  or  the  highly  heated  air  from  the 
first  receiver  is  admitted  through  the  nozzle  of  this  injector, 
and  is  thus  converted  into  high  velocity  inducing  free  air 
from  the  atmosphere,  and  discharging  an  increased  volume 
at  a  reduced  pressure  and  temperature  into  a  secondary 
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receiver.     For  the  sake  of  illustration,  the  pressure  in  the 
first  receiver  is  taken  at  lOO  pounds  and  is  reduced  to  fifty 
pounds. 

This  air  injector  has  been  tried  with  success  though  the 
experiments  have  not  gone  far  enough  to  determine  to 
what  extent  it  will  effect  a  saving  in  the  production  of 
pneumatic  power.  It  has  been  found  that  with  a  pressure 
of  eighty  pounds  in  the  first  receiver,  the  injector  will  work 
discharging  and  inducing  free  air  into  a  second  receiver  in 
which  is  maintained  a  pressure  of  sixty  pounds.  This  dif- 
ference of  pressure  may  obviously  be  modified  by  the  shape 
of  the  nozzle,  sizes  of  pipes,  etc.,  and  it  is  probable  that  the 
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injector  may  be  made  to  work  at  a  difference  between  the 
two  pressures  of  only  ten  pounds. 

The  principle  is  similar  in  many  respects  to  that  of  the 
boiler  feed  injector  about  which  there  are  so  many  mys- 
teries. We  know  that  not  only  is  it  possible  to  feed  a  boiler 
through  an  injector  which  takes  the  steam  at  a  pressure 
lower  than  the  boiler  pressure,  but  the  exhaust  injector  is  a 
practical  success.  That  we  may  exhaust  steam  from  an 
engine  and,  by  means  of  such  exhaust,  feed  water  to  the 
boiler  which  supplies  the  engine  with  live  steam,  is  indeed 
a  mystery,  and  it  is  fair  to  assume  that  equally  valuable 
and  surprising  results  may  be  obtained  from  the  induced 
air  injector. 

Mr.  Green,  the  inventor  of  the  Green  system  of  ventila- 
tion, which  is  used  on  Trans-Atlantic  steamers,  is  now  con- 
ducting experiments  looking  toward  the  ventilation  of  the 
Forty-Second  Street  tunnel,  New  York,  by  means  of  air 
induced  through  an  injector.  His  experiments  have  shown 
that  one  volume  of  air  when  passed  through  the  nozzle  of 
an  injector  at  a  pressure  of  five  pounds,  will  induce  thirty 
volumes  of  free  air;  that  is,  a  volume  efficiency  of  thirty  to 
one.    Mr.  Green  measured  his  air  by  means  of  a  meter. 

His  conditions  were  similar  to  that  outlined  in  the 
sketch,  differing  only  in  degree,  and  while  it  is  not  expected 
that  so  large  a  percentage  of  volume  in  free  air  may  be 
induced,  yet  on  the  basis  of  figures  alone,  when  compared 
with  Mr.  Green's  experiments,  we  might  expect  from  three 
to  five  volumes. 

The  velocity  with  which  compressed  air  is  di.scharged 
through  a  nozzle  does  not  differ  materially  at  pressure  of 
fifteen  pounds  and  over.  The  actual  velocity  with  which 
compressed  air  at  five  atmospheres  is  discharged  through  a 
short  pipe,  is  658  feet  per  second,  and  at  ten  atmospheres  the 
velocity  is  649  feet  per  second.  This  is  because  high  pres- 
sure air  is  more  dense  than  air  at  low  pressure,  and  just  in 
proportion  as  the  density  increases  does  its  resistance  to 
movement  increase.  This  is  one  of  the  limitations  to  the 
pneumatic  dynamite  gun.  They  started  on  about  500 
pounds   pressure  and   fell  short  of  the  mar?'^     It  appeared 
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that   it   was   only   necessary   to    increase    the  pressure   to 
increase  the  range,  but  the  limitations  were  soon  discovered. 

With  air  discharged  through  an  injector  nozzle  at  a 
velocity  of  650  feet  per  second,  it  is  easy  to  understand  that 
free  air  will  be  induced  and  discharged  with  it  into  a  sec- 
ondary receiver.  The  nozzle  should  be  constructed  so  as  to 
offer  the  maximum  amount  of  contact  for  the  minimum  vol- 
ume of  discharge,  and  such  a  nozzle  has  been  built  by  Mr. 
Green  ;  it  takes  hold  of  the  induced  air  not  only  on  the 
outside  but  also  directly  in  the  centre  or  core  of  the  jet. 

This  is  not  a  case  where  something  is  sought  from  noth- 
ing. The  hot  compressed  air  is  converted  into  high  velocity 
and  thus  the  heat  of  compression  is  utilized.  Were  it  not 
utilized  in  this  way  it  would  simply  be  discharged  into  the 
atmosphere  by  radiation,  which  is  the  usual  practice  in  long- 
distance transmission  in  America. 

Compressed  air  cannot  be  produced  isothermally.  In 
spite  of  the  best  system  of  injection  combined  with  water 
jackets  and  a  complicated  apparatus,  there  will  still  be  the 
heat  of  compression  influencing  pressure  during  com- 
pression. Compressors  have  been  made  which  show  cold 
discharge  pipes  and  passages,  and  cold  air  in  the  receiver, 
but  the  largest  part  of  this  reduction  in  temperature  has 
taken  place  after  compression.  If  we  cannot  keep  down 
the  heat  during  compression,  and  if  it  be  true  that  in  keep- 
ing it  down  even  to  a  reasonable  extent,  large  complications 
are  involved  in  the  machinery,  why  not  let  it  be  produced 
and  so  simplify  the  apparatus,  then  let  this  hot  high  pressure 
expanded  air  be  discharged  through  one  or  two  injectors 
until  its  temperature  has  been  reduced  to  a  point  approxi- 
mately what  It  will  inevitably  reach  during  transmissio?t,  and 
thus  zve  have  cojiverted  the  heat  of  compression  into  air  volume. 

The  reheater  shown  in  the  sketch  is  little  more  than  a 
common  stove,  the  air  pipes  passing  through  the  furnace. 
This  saves  volume  of  air  only,  it  cannot  increase  the 
pressure.  The  engine  which  is  driven  by  the  compressed 
air  should  be  provided  with  an  automatic  cut-off,  and  to 
insure  economy  it  should  exhaust  at  atmospheric  pressure. 
It  is  obvious  that  when  exhausting  at  atmospheric  pressure 
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it  will  also  exhaust  at  a  comparatively  high  temperature, 
unless  the  air  is  first  admitted  at  a  pressure  sufficiently 
high  to  admit  of  early  cut-off  and  complete  and  economical 
expansion.  This  points  to  economy  under  some  conditions 
by  using-  high  pressure  air  in  an  engine  which  works  in 
connection  with  a  system  of  reheating,  and  it  also  points  to 
the  highest  economy  which  will  be  shown  by  that  system 
which  follows  the  conditions  shown  in  the  sketch,  but 
which  reheats  or  rather  explodes  the  compressed  air  behind 
the  piston  of  the  air  engine  after  admission  and  cut-off.  This 
principle  has  been  verified  to  some  extent  in  certain  oil 
and  air  engines,  notably  the  Priestmann  and  Grigg,  which 
have  recently  been  brought  to  the  attention  of  engineers. 
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\_A  lecture  delivered  before  the  Franklin  Institute,  February  i,  jSq2.] 

The  percentage  composition  of  dry  and  a.sh-free  cellulose 
corresponds  to  the  formula  (CgH^Ps),,.  It  is,  therefore, 
placed  in  the  class  of  polysaccharides,  to  which  starch  and 
many  of  the  gums  belong.  It  must  be  understood,  however, 
that  this  applies  to  the  purified  cellulose  after  the  extraction 
from  admixture  with  other  associated  principles.  This 
extracting  is  done  by  exposing  the  moist  vegetable  tissue  to 
the  action  of  chlorine  gas  or  of  bromine  water  in  the  cold, 
and  subsequent  boiling  in  dilute  ammonia,  repeating  this 
treatment  until  the  alkaline  solution  no  longer  dissolves 
anything  from  the  tissue  or  fibre.  With  many  plants,  such 
as  cotton,  flax,  hemp,  etc.,  this  reaction,  while  requiring 
time  and  repeated  action  of  the  reagents,  can  be  eflected 
with  thoroughness.  With  others  such  as  jute,  straw  and 
compact  wood  the  extraction  is  combined  with  greater  diffi- 
culty, and  when  accomplished  yields  a  product  dilYering  in 
important  particulars.  It  is  al.so  often  a  very  difficult 
matter  to  draw  the  line  between  mixtures  and  combinations 
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of  cellulose  with  non-cellulose  constituents  of  either  fibres 
or  tissues. 

The  following  compound  celluloses  Cross  &  Bevan,  who 
have  made  an  especial  study  of  this  subject,  consider  suffi- 
ciently characterized  to  warrant  special  description  under 
class  names  : 

Pecto-cellulos€s. — Resolved  by  hydrolysis  (with  alkalies) 
into  pectic  acid  and  cellulose.     Type— raw  flax. 

Ligno-celljcloscs.—^QSohiedi  by  chlorination  into  chlori- 
nated derivatives  of  aromatic  compounds,  soluble  in  alka- 
lies and  cellulose.     Type — jute. 

Adipo-celluloses. — Resolved  by  oxidation  (with  nitric  acid) 
into  derivatives  similar  to  those  from  the  oxidation  of  the 
fats  and  cellulose.  Type — the  cuticular  tissue  of  leaves 
and  fruit. 

The  pure  cellulose  obtained  from  cotton  or  linen  fibre 
retains  the  microscopic  features  of  the  raw  fibre  and  thus 
readily  betrays  its  origin.  It  is  insoluble  in  all  simple 
solvents,  but  is  first  swelled  and  then  dissolved  by  an 
ammoniacal  solution  of  cupric  hydrate.  As  pure  cellulose  is 
comparatively  inert  the  reactions  which  would  serve  for  its 
identification  are  few.  One  of  them  may  be  noted,  viz  :  its 
reaction  with  iodine.  This  reaction  differs  from  that  of 
starch  in  requiring  for  its  determination  the  presence  of  an 
auxiliar}^  reagent  of  dehydrating  power,  such  as  sulphuric 
or  phosphoric  acid  or  zinc  chloride.  vSuch  a  solution  con- 
taining iodine  dissolved  in  potassium  iodide  admixed  with 
zinc  chloride,  colors  cellulose  instantly  a  deep  blue  or  violet. 

Not  much  light  on  the  constitution  of  the  cellulose  mole- 
cule is  gained  by  studying  the  action  of  reagents  upon 
it,  but  many  very  interesting  and  technically  important 
derivatives  have  been  obtained.  One  of  the  most  interesting 
of  these  derivatives  and  of  considerable  technical  impor- 
tance is  the  oxycellulose,  which  is  obtained  by  the  action 
of  weak  oxidizing  agents  upon  cellulose.  That  cotton  fibre 
exposed  too  long  to  the  influence  of  bleaching  powder  solu- 
tion, or  even  repeatedly  exposed  to  air  and  light,  became 
weakened  or  "  tendered,"  had  been  known  for  a  long  time 
before  it  was  ascertained  that  this  was  due  to  the  formation 


May,  1892.]  Cellulose  or    Wcod  Fibre.  395 

of  an  oxycellulose,  which  differed  in  many  of  its  properties 
from  the  original  cellulose.  The  oxycellulose  attracts  the 
basic  coloring  matters  from  their  solutions,  and  is  dyed  to 
full  shade  and  fast  color  without  previous  mordanting.  It 
also  has  a  most  remarkable  attraction  for  vanadium  com- 
pounds which  it  takes  up  from  the  most  dilute  solutions. 

In  many  reactions,  moreover,  it  bears  much  analogy  to 
the  lignin  of  the  Ligno-celluloses. 

Probably  the  most  important  of  the  derivatives  of  cellu- 
lose are  the  nitrates  obtained  by  allowing  strong  nitric  acid 
or  a  mixture  of  nitric  and  sulphuric  acids  to  act  upon 
cellulose.  Taking  the  doubled  formula  C,oH_,„(),o  for  the 
cellulose,  the  highest  nitro  derivative  formed  is  the  hexa- 
nitrate  CioHnO^  (NOa)^,  the  essential  constituent  of  the  true 
gun-cotton.  This  compound  is  insoluble  in  alcohol,  ether  or 
mixtures  of  both,  as  well  as  in  methvl  alcohol.  Acetone 
alone  dissolves  it  very  slowly. 

This  most  explosive  variety  of  gun-cotton,  according  to 
Eder,  is  not  produced  by  mixtures  of  nitre  and  sulphuric  acid 
but  only  by  using  the  strongest  nitric  and  sulphuric  acids, 
in  which  the  cotton  is  immersed  at  a  temperature  not 
exceeding  10°  C.  (50°  F.)  for  twenty-four  hours.  The  penta- 
nitrate  C,.H,iO..(N03)5  is  best  prepared  according  to  Eder's 
method  by  dissolving  the  hexanitrate  or  explosive  gun- 
cotton  in  nitric  acid  at  80^-90°  C.  (176^-194°  F.)  and 
precipitating  by  concentrated  sulphuric  after  cooling  to  o^ 
C.  (32^  F.).  After  washing  the  precipitate  with  water  and 
then  with  alcohol  it  is  dissolved  in  ether-alcohol  and  again 
precipitated  with  water.  This  nitrate,  of  which  small 
amounts  may  be  formed  in  the  manufacture  of  explosive 
gun-cotton,  is  soluble  in  the  mixture  of  ether-alcohol. 
The  tetra  and  trinitrates  C,,.H,A;<>^03),  and  CpJIjAiXO,), 
are  generally  formed  together  when  cotton  is  nitrated  wiih 
a  more  dilute  nitric  acid,  at  a  higher  temperature  and  for 
a  much  shorter  time  than  that  given  for  the  hexanitrate. 
This  mixture  constitutes  collodion  pyroxyline  and  is  soluble 
in  ether-alcohol,  acetic  ether,  acetic  acid  or  methyl  alcohol. 
The  dinitrate  C,2H,^0^(N()j)j  always  results  as  the  final  pro- 
duct of  the  action  of  the  alkalies  upon  the  higher  nitrates. 
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and  also  from  the  action  of  hot,  somewhat  dilute  nitric  acid 
on  cellulose.  It  is  the  lowest  derivative  attainable,  a  mono- 
nitrate having  not  as  yet  been  formed. 

The  technical  uses  of  these  nitrated  derivatives  of  cellu- 
lose are  very  important.  An  extremely  interesting  lecture 
was  delivered  in  this  hall  a  few  weeks  ago  by  Professor 
Munroe,  of  the  Naval  War  College,  of  Newport,  in  which  the 
characters  of  the  explosive  gun-cotton  were  discussed  and 
its  properties  narrated.  An  equally  interesting  one  might 
be  made  upon  the  now  numerous  applications  of  the  lower 
nitrates,  constituting  as  they  do  the  bases  of  collodion  or 
wet-plate  photography,  of  the  manufacture  of  celluloid  and 
of  pyroxyline  varnishes.  We  will,  however,  pass  on  at 
present  to  note  the  chemical  characters  of  the  compound 
celluloses,  the  classification  of  which   I  have  already  given. 

The  first  class,  the  pecto-celluloses,  as  the  name  indi- 
cates, are  compounds  yielding  pectic  acid  when  the  cellu- 
lose is  liberated  from  its  combination.  Thus,  in  the  treat- 
ment of  raw  flax,  the  retting  and  bleaching  processes  are 
designed  to  break  up  this  natural  compound,  the  soluble 
pectic  acid  being  washed  away.  Dilute  alkalies  effect  the 
same  result  and  this  treatment  is  the  one  often  employed  in 
plant  analysis  to  isolate  the  cellulose. 

The  third  class,  the  adipo-celluloses,  includes  the  cuti- 
cular  tissue  of  fruits  and  of  fibres  such  as  cotton,  straw, 
esparto,  etc.  Under  the  action  of  boiling  nitric  acid,  these 
tissues  are  resolved  into  cellulose  on  the  one  hand  and  a 
series  of  fatty  acids  or  products  of  their  decomposition, 
suberic  and  adipic  acids,  such  as  are  obtained  from  cork 
tissue,  whence  the  name  adipo-celluloses  for  the  class. 

In  the  second  class,  the  ligno-celluloses,  we  have  included 
by  far  the  most  important  and  interesting  of  the  compound 
celluloses,  viz  :  the  different  forms  of  woody  tissue  and  lig- 
nified  fibres,  such  as  jute.  The  last-mentioned  fibre  indeed 
shows  so  clearly  the  nature  of  the  combination  between 
cellulose  and  what  is  termed  lignin,  that  a  study  of  it  has 
thrown  much  light  upon  the  characters  of  the  whole  class, 
and  has  aided  chemists  in  getting  a  clear  understanding  of 
the  methods  for  isolating  cellulose  from  its  combination  in 
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the  compact  woods,  which  are  now  so  largely  used  as  a  source 
of  paper-making'  material. 

Jute  is  a  compound  of  twenty-five  per  cent,  non-cellulose 
or  lignin  and  seventy-five  per  cent,  cellulose.  The  non- 
cellulose  constituent  is  more  readily  attacked  by  reagents 
than  the  cellulose.  Thus  if  the  compound  fibre  be  first 
boiled  witn  a  weak  solution  of  an  alkaline  hydrate  and 
then  exposed  to  moist  chlorine,  the  non-cellulose  is  attacked 
and  on  subsequent  boiling  with  sodium  sulphite  solution 
the  decomposition  into  cellulose  and  soluble  non-cellulose 
derivatives  is  complete.  Dilute  nitric  acid  also  attacks  the 
non-cellulose,  resolving  it  into  soluble  products  and  can  be 
used  to  isolate  the  cellulose,  but  it  attacks  the  latter  some- 
what also. 

Wood  consists  of  about  two  parts  of  cellulose  in  admix- 
ture with  one  part  of  lignin.  Very  characteristic  color 
reactions  are  obtained  by  moistening  any  of  these  lignin- 
containing  compounds  with  phenols,  such  as  phloroglucin, 
and  hydrochloric  acid.  They  are  also  colored  carmine  bv  an 
alcoholic  solution  of  pyrrol  and  deep  yellow  by  solution  of 
aniline  sulphate.  They  take  up  organic  dye-colors  ver>' 
much  like  the  oxycellulose  before  referred  to.  Among  the 
decomposition  products  of  the  lignin  or  non-cellulose 
have  been  found  vanillin,  coniferin  and  several  wood-gums 
allied  to  gum  arabic.  Indeed  a  recent  writer  places  lignin, 
because  of  its  composition,  amongst  the  class  of  gum  resins. 
He  has  found  in  the  products  of  the  sulphite  process  for 
preparing  wood-pulp  as  well  as  in  those  of  the  soda  process, 
transparent  resinous  substances  which  are  very  similar  in 
reaction  to  the  arabic  acid  of  natural  gum  arabic.  He 
therefore  is  led  to  offer  the  following  theory  of  the.se  two 
well-known  chemical  wood-pulp  processes.  If  wood  is 
boiled  under  great  pressures  with  caustic  soda  the  lignin 
is  decomposed.  The  gummy  matters,  resins  and  phenols, 
are  dissolved  and  the  volatile  compounds, /'.^'•.,  terpenes,  etc., 
escape.  Cinnamic  aldehyde  and  vanillin  polymerize  and 
coniferin  is  decomposed.  It  is  well-known  that  sulphurous 
acid  has  a  decomposing  or  polymerizing  effect  upon  many 
groups  of  organic  compounds.     In   the  sulphite  process,  it 
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first  decomposes  lignin  and  then  the  free  arable  acids 
decompose  the  sulphite  of  lime,  hereby  forming  the  calcium 
salt  of  the  arable  acid  which  remains  in  the  solution  while 
the  free  sulphurous  acid  escapes.  The  author  is  of  opinion 
that  the  sulphite  process  is  in  the  main  hereby  explained. 
The  terpenes  and  aldehydes  mostly  polymerise  and  escape, 
together  with  the  other  volatile  aromatic  compounds  of  the 
woodv  matter  as  well  as  the  sulphurous  acid,  whilst  the 
non-volatile  substances,  e.g.,  the  resins,  are  left,  parts  of 
which  remain  as  the  calcium  salts  of  the  resin  acids." 

The  technical  applications  of  this  class,  as  said  before, 
are  already  of  enormous  Importance.  The  increasing  use 
of  wood-pulp  as  a  paper-making  material  is  the  explanation 
of  this.  We  will  now  take  up  for  brief  notice  this  most 
important  of  the  cellulose  industries.  Wood,  as  before  stated, 
contains  cellulose  in  combination  with  lignln,  together  with 
mineral  salts  and  some  little  coloring  resin.  The  proportion 
of  these  constituents  varies  somewhat  in  different  varieties 
of  wood,  as  shown  in  the  accompanying  table  from  Miiller. 


Ccllulcse,     .    .    . 

Resin 

Aqueous  extract. 

Water, 

Lignin,     .... 


Birch. 

Beech. 

Lime, 

Pine. 

55-52 

45-47 

53-09 

56-99 

I'M 

0*41 

3*93 

0-97 

2-65 

2-41 

3-56 

1-26 

12-48 

12-57 

lO'IO 

13-87 

28-21 

39-14 

29-32 

26-91 

Poplar. 


62-77 

1-37 

»-88 

12-10 

20-88 


The  practical  problem  now  is  to  extract  the  cellulose  in 
such  condition  as  to  enable  it  to  answer  the  requirements  of 
the  paper-maker,  viz :  strength  and  length  of  fibre,  which 
give  it  felting  power,  and  for  finer  papers  freedom  from 
resinous  and  coloring  Impurities,  such  as  would  prevent  its 
use  as  a  mixing  ingredient  or  substitute  for  linen  cellulose. 

We  divide  the  wood-pulp  methods  into  the  two  great 
classes  of  mechanical  and  chemical. 

In  the  mechanical  wood-pulp  process,  the  wood,  cut  into 
blocks,  is  pressed  against  revolving  grindstones,  the  sur- 
face of  which  has  been  roughened  by  the  cutting  of  grooves. 
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The  wood  is  placed  so  that  the  revolving  stone  shreds  or 
tears  the  fibres  laterally  and  not  transversely  to  the  line  of 
the  fibre,  while  a  stream  of  water  kept  flowing  over  the 
stone,  washes  off  the  fibre  as  rapidly  as  it  is  loosened.  Even 
then  the  fibres  are  relatively  short  as  compared  with  those 
obtained  by  the  chemical  processes.  The  pressure  of  the 
blocks  of  wood  against  the  stones  is  maintained  either  bv 
screws  capable  of  adjustment  as  required,  or  by  hydraulic 
pressure.  The  pulp  as  washed  off  the  stones  is  passed  over 
screens,  which  retain  larger  fragments  to  be  ground  again 
and  allow  the  finer  pulp  to  pass  through  and  this  is  then 
farther  sorted  by  sieving. 

The  quality  of  the  mechanical  pulp  is  improved  by  steam- 
ing the  wood  thoroughly  before  shredding,  so  that  the  wood 
being  softened  a  longer  fibre  may  be  torn  off.  Such  mechani- 
cal wood-pulp  is  made  and  comes  into  commerce  under  the 
name  of  "steamed  pulp."  The  specimens  shown  are  from  the 
Androscoggin  Pulp  Company,  of  Brunswick,  Me.,  and  are 
mixed  spruce  and  pine.  The  steaming  of  the  wood  is  con- 
tinued for  eight  to  ten  hours  at  a  pressure  of  about  forty 
pounds,  and  drip  valves  are  attached  to  the  upright  boilers 
used,  so  that  the  wood  is  not  soaked  in  hot  water  but  exposed 
to  the  action  of  steam  only. 

Paper  made  from  mechanical  wood-pulp  is  very  liable  to 
become  discolored  by  the  action  of  air  and  light,  the  ligno- 
celluloses  being  much  more  readily  acted  upon  than  the 
celluloses  isolated  from  them.  This  fibre  is,  moreover,  of 
very  slight  felting  power  on  account  of  its  shortness,  but  it 
is  cheap  and  is  used  in  large  amounts  for  filling  material,  or 
it  may  be  exclusively  for  cheap  newspapers. 

In  the  preparation  of  chemical  wood-pulp,  on  the  other 
hand,  the  lignin  or  non-cellulose  constituents  of  the  wood 
are  decomposed  and  eliminated,  so  that  a  relatively  pure 
cellulose  remains,  in  amount  varying  with  the  process 
employed  and  the  kind  of  wood  taken.  The  processes  that 
have  been  found  applicable  for  this  decomposition  of  lignin 
and  separation  of  cellulose  are  cla.ssified  as  foUowvi  ])v  (V(^ss 
&  Bevan,  in  their  Paper-making : 


400  Sadtler :  [J.  F.  I., 

VIEW  OF  THE  CHEMICAL  PROCESSES  FOR  DISINTEGRATING 

WOOD. 

(i)  Aqueous  alkalies. — Hydrolysis  aided  by  alkali  directly,  also  indirectly 
by  combination  with  products  of  resolution.  (Watt  and  Burgess,  1853  ; 
Houghton,  1857.) 

(2)  Solutions  of  alkali7ie  sulphides, — Hydrolysis,  aided  by  alkaline  bases 
directly  and  indirectly  by  combination  with  the  products.  Reversal  of  hydro- 
lysis lessened  by  presence  of  reducing  agent,  (JuUion,  1855  ;  Blitz,  1883  ; 
Dahl,  1884.) 

(3)  Water. — Hydrolysis,  aided  by  acids  formed  from  the  wood.  Limit  of 
action  determined  by  reversal  of  hydrolysis,  /.  e.,  dehydration  aided  by  oxi- 
dation.    (Fry,  1867.) 

(4)  Water,  together  with  iieutral  sulphites, — Simple  hydrolysis.  Pro- 
ducts removed  from  sphere  of  action  by  combination  with  base  and  sulphite. 
Oxidation  prevented  by  presence  of  sulphite.     (Cross,  1880.) 

(5)  Aqueous  acids. — a.  Oxidizing  and  hydrolytic.  Nitric  acid.  (Coupler 
and  Mellier,  1852;  Barre  and  Blendel,  1861.)  Nitro-hydrochloric.  (Orioli, 
1865.) 

b.  Simply  hydrolytic.     Hydrochloric  acid.     (Bachet  and  Machard,  1864.) 

c.  Reducing  and  hydrolytic.  Sulphurous  acid.  (Tilghman,  1866;  Pictet, 
1882.) 

(6)  Bisulphites. — Hydrolysis  aided  primarily  by  sulphurous  acid  and  sec- 
ondarily by  combination  of  products  with  bisulphites,  also  by  prevention  of 
oxidation.  (Tilghman,  1866 ;  Mitscherlich,  1874;  Ekman,  1881  ;  Franke, 
1881  ;  Graham,  1882.) 

The  processes  in  practical  operation  at  the  present  time 
have  narrowed  down  to  those  under  two  of  these  headings, 
viz  :  soda  pulp  processes  and  "  sulphite,"  or  more  correctly 
bisulphite  pulp  processes. 

The  first  of  the  soda  processes  was  that  of  Watt  &  Bur- 
gess, and  this,  with  some  modifications,  is  still  in  successful 
use  to-day.  It  depends,  as  was  mentioned  before,  upon  the 
fact  that  the  lignin  is  decomposed  by  the  caustic  alkalies 
under  pressure,  and  the  products  of  the  decomposition  go 
into  solution.  Its  drawbacks  are  that  under  the  conditions 
needed  to  complete  the  disintegration  of  the  wood,  the 
cellulose  portion  itself  is  attacked,  and  hence,  the  yield  of 
finished  pulp  is  smaller  than  by  some  other  processes. 
And  when  the  regeneration  of  the  soda  was  incompletely 
carried  out,  as  was  often  the  case,  the  process  was  an 
expensive  one.  Great  improvements  have  been  effected  in 
this  matter,  however,  and  with  the  present  high  percentage 


May,  1892.J  Cellulose  or  Wood  Fibre,  401 

of  recovery,  the  process  makes  a  better  showing.  A  dia- 
gram, showing  in  graphic  form  the  several  stages  of  the 
Burgess  soda  process  as   carried  out  in  this  city,  is   shown. 

WOOD-CHIPPING    MACHINE. 


Screened. 


Clean  Chips.  Fine  Dirt, 

Caustic  Soda  Solution | 

Digested  under  Prosure  of  ''-^  Atmospheres. 

I ^  Strong  Alkaline 

I  ( Liquor. 

Disintegrated  Wood. 

Hot    Water  1 f  Weak   Alkaline 

I  (  Washings. 

Washed  I'ulp. 

I 

Pulp  straining  Machine. 


•Lumps  and  Waste. 


Pulp  Hrcakcr. 


Bleach  Liquor 


I'ulp  Bleacher. 


Wash  Water 


Wa.shing  Tank. 


Wa-h 


Bleached  Pulp. 

I 

Fourdrinier  Machine. 

Of  the  sulphite  processes  mentioned  in  the  diagram 
already  given,  that  which  is  most  generally  employed  in 
this  country  is  the  Mitscherlich,  while  in  England  the  pro- 
cesses of  Ekman  and  Franke,  as  modified  by  Partington, 
have  been  tried  in  addition.  The  Mitscherlich  and  the 
Franke  processes  use  bisulphite  of  lime,  while  the  Ekman 
process  takes  a  bisulphite  of  magnesia.  The  sulphurous 
oxide,  of  course,  is  produced  by  the  burning  of  sulphur  or 
pyrites,  and  this  gas,  after  being  cooled,  is  passed  into  milk 
of  lime,  placed  in  large  tanks,  which  are  used  either  singly 
or  connected  in  series  for  more  complete  absorption.  This 
bisulphite  liquor  then  acts  upon  the  chips  in  closed  boilers 
or  '•  digesters  "  under  a  pressure  of  ninety  pounds,  for  some 
Vol.  CXXXni.  26 
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nine  to  ten  hours.  A  longer  boiling  at  somewhat  lower 
pressure  is  also  used  in  some  cases. 

Of  the  side-products,  shown  to  the  right  in  the  diagram, 
the  strong  alkaline  liquor  is  run  to  the  evaporator  to  be 
evaporated,  calcined,  dissolved  and  causticized  for  renewed 
use ;  and  the  chlorine  wash  liquors  are  used  in  dissolving 
chloride  of  lime  for  fresh  bleach  liquor. 

After  the  completion  of  the  boiling,  the  mixture  is  blown 
out  into  large  vats  provided  with  drains  in  the  bottom  to 
allow  of  the  escape  of  the  spent  liquor.  It  is  then  thor- 
oughly washed,  mixed  with  water  and  pumped  onto  screens 
to  allow  of  the  removal  of  chips  or  impurities.  The  screened 
pulp  is  then  felted  and  is  ready  for  delivery  as  unbleached 
pulp.  In  this  condition  it  is  very  prone  to  discoloration, 
usually  turning  pink  and  finally  brown  when  exposed  to 
atmospheric  influences  for  a  time.  The  reason  is  very 
simple  from  a  chemical  point  of  view.  The  reducing  action 
of  sulphurous  acid,  it  is  well  known,  is  always  a  transient 
change  and  is  in  time  overcome  by  the  atmospheric  oxida- 
tion following  exposure  to  air  and  light.  If,  however,  the 
well-washed  pulp  is  thoroughly  bleached  by  an  oxidizing 
agent  like  chloride  of  lime,  the  pulp  is  no  longer  affected  by 
atmospheric  influences. 

vSulphite  pulp  in  the  United  States  is  prepared  chiefly 
from  spruce  wood,  and  when  properly  bleached  gives  an 
almost  pure  cellulose,  white  and  of  strong  fibre. 

The  wood-pulp  production  of  the  United  States  more 
than  trebled  during  the  decade  between  1880  and  1890,  and 
now  employs  between  200  and  300  factories,  of  which  the 
larger  number  run,  of  course,  on  mechanical  wood-pulp, 
although  the  chemical  wood-pulp  processes  are  gaining 
ground  relatively  faster,  and  are  at  present  coming  into 
greater  favor. 
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OBITUARY. 


CHARLES  J.  SHAIN. 

Charles  J.  Shain,  for  nearly  half  a  century  an  active 
member  of  the  Institute,  and  for  several  years  a  member  of 
its  Board  of  Managers,  recently  died  at  Atlantic  City,  X.  J., 
where,  for  some  time  previous  to  his  death,  he  had  made  his 
permanent  home. 

The  subject  of  this  sketch  was  born  in  Philadelphia, 
October  27,  1822.  He  was  educated  at  private  schools,  and 
as  a  minor  was  apprenticed  to  William  J.  Young,  the 
founder  and  head  of  the  then  principal  establishment  in 
Philadelphia  engaged  in  the  manufacture  of  mathematical 
instruments.  In  1850,  he  formed  a  co-partnership  with 
Joseph  Knox  (one  time  foreman  in  the  Young  establish- 
ment), under  the  firm  name  of  Knox  &  vShain,  manufac- 
turers of  engineering  and  telegraphic  instruments.  This 
firm  continued  in  active  business  until  the  death  of  Mr. 
Knox,  in  1877,  and  became  widely  and  favorably  known 
throughout  the  country,  their  instruments  taking  high  rank 
in  the  estimation  of  civil  engineers. 

It  may  be  of  interest  to  record  the  fact  that  the  instru- 
ments used  by  the  late  Edgar  Thompson,  in  the  first 
survey  of  the  Pennsylvania  Railroad,  were  those  of  Knox  & 
Shain. 

Upon  the  severance  of  this  long-time  connection,  by  the 
death  of  his  associate,  Mr.  Shain  retired  to  private  life. 
His  connection  with  the  Franklin  Institute  dates  from  his 
election  to  membership,  in  the  year  1843,  and  was  continued 
uninterruptedly  to  the  time  of  his  death.  He  was  elected 
to  the  Board  of  Managers  in  1884,  and  ser\'ed  until  1887, 
when,  on  account  of  his  removal  from  the  city,  he  declined 
a  re-election.  He  was  warmly  interested  in  the  Institute, 
and  contributed  freely  of  his  time  and  special  knowledge  to 
the  furtherance  of  its  work.  He  died  at  Atlantic  City,  on 
November  23,  1891,   of  Hright's   disease,  in   his   70th  year. 
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His  unvarying"  courtesy  and  amiability  greatly  endeared 
him  to  his  fellow-members  and  officers,  by  whom  his  loss  is 
sincerely  deplored. 

Mr.  Shain  leaves  a  widow  and  two  sons  to  survive  him  : 
Dr.  Francis  W.  Shain,  for  some  years  surgeon  in  the  service 
of  the  Red  Star  Line  and  at  present  a  practising  physician 
in  Jersey  City,  and  Chas.  D.  Shain,  district  manager  for  the 
Edison  Company,  of  New  York.  W.  H.  W. 


EUGENE  H.  COWLES. 


Eugene  H.  Cowles,  who  died  at  El  Paso,  Tex.,  on  April  21, 
1892,  at  the  early  age  of  thirty-eight,  had  attained  a  world- 
wide recognition  by  the  scientific  world  for  his  inventions 
in  connection  with  the  manufacture  of  aluminum.  These 
inventions,  in  the  origination  and  development  of  which  he 
was  assisted  by  his  brother,  Albert  H.  Cowles,  involved  in 
principle  the  application  of  the  heating  action  of  the  electric 
current  for  the  reduction  of  aluminum  and  other  metals, 
and  are  too  well  known  to  need  extended  reference  in  this 
place.  It  will  suffice  to  allude  to  the  fact  that  the  result  of 
the  Cowles  inventions  was  a  revolution  in  the  aluminum 
industry  as  profound  as  that  caused  by  the  earlier  work  of 
Deville.  The  process  enabled  the  inventors  to  produce  the 
alloys  of  aluminum  vastly  more  cheaply  than  had  hitherto 
been  possible,  and  at  once  a  large  demand  for  these  pro- 
ducts was  created.  To  carry  out  their  process  effectively, 
the  Messrs.  Cowles  were  compelled  to  do  a  large  amount  of 
pioneer  work,  in  connection  with  the  design  of  dynamos  of 
large  power,  the  control  of  currents  of  hitherto  unprece- 
dented magnitude,  the  manufacture  of  carbon  electrodes  of 
great  size,  and  to  work  out,  in  the  face  of  many  difficulties  and 
discouragements,  gnany  details  of  operation  that  now  seem 
comparatively  easy,  but  for  which  at  that  time  there  were 
no  precedents  to  build  upon.  For  all  this  pioneer  work  and 
for  the  successful  introduction  of  their  process  in  this 
country  and  in  Europe,  the  brothers  Cowles  deserve  the 
highest  praise. 
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The  first  institution  of  learning  to  take  note  of,  and  to 
recognize  the  importance  of  the  inventions  of  the  Cowles 
brothers,  was  the  Franklin  Institute.  vShortly  after  the  first 
public  announcement  of  the  Cowles  process,  an  invitation 
was  extended  to  the  inventors  to  read  a  paper  on  the  subject 
before  the  Institute,  which  was  accepted  by  the  subject  of 
this  sketch.  This  paper  was  presented  at  the  stated  meeting 
held  January  20,  1886,  and,  under  the  title,  "The  Production 
of  Aluminum  and  its  Alloys  in  the  Electric  Furnace," 
appears  in  the  impression  of  the  Journal  for  February,  1886. 
It  was  an  able  and  comprehensive  treatment  of  the  subject, 
and  reflects  the  highest  credit  on  its  author. 

The  success  with  which  the  efforts  of  the  inventors  to 
secure  the  general  adoption  of  their  process  was  crowned, 
sufficiently  demonstrates  that  their  faith  in  its  commercial 
and  technical  value  was  neither  misplaced  nor  exaggerated. 

The  Franklin  Institute,  in  recognition  of  the  merits  of 
the  invention  of  the  Cowles  brothers,  awarded  to  them,  in 
1886,  the  highest  honor  in  its  gift — the  Elliott  Cresson 
Medal — ''  for  their  invention  of  a  new  process  in  the  metal- 
lurgical arts  for  the  reduction  of  refractory  substances,"  and 
recommended  the  award  of  the  John  JScott  Legacy  Medal 
and  Premium  to  the  inventors,  **  for  their  electric  smelting 
furnace,"  which  recommendation  was  subsequently  con- 
firmed by  the  Board  of  Directors  of  City  Trusts. 

Subsequent  events  demonstrated  that  the  judgment 
of  the  Institute  in  estimating  the  value  of  these  inventions 
so  highly  was  fully  justified.  The  late  Mr.  Cowles  never 
forgot  the  early  appreciation  of  his  work  by  the  Institute, 
and  cherished  the  tokens  of  its  recognition  with  affectionate 
regard. 

His  untimely  death  before  he  had  yet  reached  the 
measure  of  years  when  those  better  equipped  with  physical 
endowments  are  in  the  prime  of  their  powers  for  u.scful- 
ness,  is  a  loss  which  all  friends  of  science  will  learn  with 
sincere  regret.  \V    H    W. 
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\_Staied  meeting  held  Tuesday,  April  ig,  iSg2.'] 

Hall  of  the  Franklin  Institute, 
Philadelphia,  April  19,  1892. 

Dr.  Wm.  H.  Wahl,  President,  in  the  chair. 

Professor  Henry  Trimble  read  a  paper  on  "Chestnut-bark  Tannin." 
This  paper  gives  the  results  of  an  investigation  which  forms  the  second  and 
final  part  of  a  research  to  determine  whether  any  differences  exist  between 
the  tannin  extracted  from  the  wood  of  the  tree  on  the  one  hand  and  the  bark 
on  the  other.  The  results  of  the  investigation  of  the  tannin  from  the  wood 
have  already  been  published  by  Prof.  Trimble  in  a  former  paper  read  before 
the  Section.  The  results  formed  a  subject  of  a  brief  discussion,  and  the 
paper  was  submitted  for  publication  in  \.\\q  Journal. 

A  sample  of  the  tannin  was  exhibited  by  the  author. 

A  brief  communication  from  Mr.  Chas.  E.  Ronaldson,  M.E.,  on  "  The 
Influence  of  Bottles  upon  Wines,"  was  read  and  discussed  by  the  Section. 
The  same  related  principally  to  the  progress  made  in  the  United  States  by 
glass  manufacturers  in  producing  glass  of  proper  composition  for  the  pur- 
pose named. 

The  Section  then  adjourned.  Wm.  C.  Day,  Secretary. 
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CHESTNUT-BARK   TANNIN. 


Bv  Henrv  Trimble. 


\^Reaii  at  stated  meeting  of  the  Section,  held    Tuesday,  April  ig,  iSg2^ 

In  the  manufacture  of  chestnut  extract  the  bark  and 
wood  are  used  together,  the  latter  naturally  exceeding  the 
former  in  amount,  as  well  as  in  yield  of  extract. 

It  has  been  thought  desirable  to  determine  if  there 
exists  any  differences  in  the  character  of  the  tannins  from 
these  two  parts  of  the  tree,  and  the  results  of  an  investiga- 
tion of  that  from  the  wood  were  published  in  this  Journal, 
132,  p.  303. 

The  material  in  this  case  was  obtained  from  a  tree  thirty 
years  old,  cut  in  August ;  the  bark  was  immediately 
removed,  air  dried  and  powdered. 

The  total  tannin  was  found  to  be  7*31  per  cent.  The 
wood  yielded  7*85  per  cent.  The  other  important  constitu- 
ents in  the  bark  were  found  to  be  in  per  cent.,  i'Oq  of  resin, 
3'o6  of  mucilage,  1*35  of  glucose,  lO'OO  of  moisture,  471  of 
ash  and  45*44  of  cellulose. 

The  tannin,  as  extracted  by  commercial  ether,  was  much 
darker  in  color  than  that  similarly  prepared  from  the  wood, 
but  an  equally  light-colored  product  was  obtained  by  first 
precipitating  in  fractions  with  lead  acetate,  and  then  further 
treating  the  middle  and  most  abundant  one  with  salt  and 
acetic  ether.  The  aqueous  solution  of  this  portion,  after 
removal  of  lead  by  hydrogen  sulphide,  when  saturated  with 
common  salt,  separated  a  dark-colored  portion  which  rose  to 
the  top,  and  was  easily  removed  in  one  mass  after  standing 
twenty-four  hours.  The  remaining  light-colored  solution 
was  agitated  with  acetic  ether,  the  litter  separated,  and. 
after  removal  of  the  solvent  under  reduced  pressure,  a 
light-colored  product  was  obtained.  This  was  then  dis- 
solved in  water,  filtered  and  the  solvent  distilled  off  under 
reduced  pressure  ;  it  was  then  dissolved  in  ether,  filtered 
and  again  dried  in  a  vacuum  at  the  temperature  of  a  boil- 
ing water-bath. 
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The  product  was  a  light,  almost  white,  porous  mass  of 
a'  reddish-brown  shade,  which  was  completely  and  readily 
soluble  in  water  and  the  other  usual  solvents,  and  in  all 
other  respects  corresponded  with  the  chestnut-wood  tannin 
described  in  the  previous  paper,  as  well  as  with  gallotannic 
acid.  It  did  not  give  any  reaction  for  glucose,  from  which 
compound  it  was  rather  more  easily  purified  than  the  pro- 
duct from  the  wood. 

The  average  of  two  closely-agreeing  combustions  gave 
the  following  percentages,  with  which  are  given  those  from 
the  tannin  of  the  wood,  for  comparison  : 

•  Oiestnut-bark     Chestnut-wood 

Tannin.  Tanniti. 

C, 52*42  52*11 

H 4*67  4-40 

O, 42-91  43*49 

I00*00  100*00 

The  conclusions  to  be  drawn  from  this  work  are  that  the 
tannins  from  chestnut  bark  and  wood  are  identical,  and, 
although  ultimate  analyses  show  high  percentages  of  hydro- 
gen in  both,  they  are  believed  to  be  identical  with  gallo- 
tannic acid. 

In  an  investigation  of  the  darker  tannin  precipitated 
from  aqueous  solution  by  salt,  the  following  percentages 
were  obtained : 

C 55-18 

H, 472 

O, 40*10 

lOO'OO 

This  product  was  considered  to  be  a  mixture  of  the 
tannin  with  its  anhydride. 
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Electrical   Section 
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{Stated  meeting,  held  Tuesday,  April j,  i8q2.'] 

Hall  of  the  Frankllv  Institute. 
Philadelphia,  April  5,  1892. 

Prof.  Edwin  J.  Houston,  President,  in  the  chair. 

Present,  twenty  members  and  visitors. 

The  mmutes  of  the  previous  meeting  were  read  and  approved. 

The  Treasurer  reported  the  balance  in  the  treasury,  and  presented  bills  for 
lantern  slides,  printing,  etc.,  which  were  approved  and  ordered  paid.  The 
Secretary  announced  the  death  of  Mr.  Thomas  Hockley,  active  member,  on 
March  12,  1892,  and  upon  motion  the  chairman  appointed  a  committee  to 
draft  suitable  resolutions  for  the  section. 

Mr.  C.  H.  Bedell  read  a  paper  on  "Dynamo  and  Motor  Calculation," 
with  illustrations.     Referred  for  publication. 

Mr.  Herbert  S.  Lloyd  (visitor)  described,  with  the  aid  of  a  working;  model, 
a  new  method  of  wiring  incandescent  litjhts.  so  that  they  could  be  controlled 
by  switches  from  any  number  of  points,  on  two  or  three-wire  systems. 

I^rof.  Houston  read  a  letter  from  Prof.  Elihu  Thomson,  in  which  the 
latter  described  some  interesting  experiments  he  had  been  making  with 
allernaling  currents  of  high  potential.  It  was  also  stated  lh.it  Prof. 
Thomson  would  probably  show  these  and  other  new  experiments  before  the 
Section  at  a  future  meeting. 

There  was  an  informal  discussion  on  the  trolley  system  of  electric  street 
car  propulsion,  and  on  the  conditions  under  which  the  passage  of  an  electric 
current  through  the  body  would  probably  be  fatal  to  life. 

Prof.  Rondinclla  proposed  to  amend  Sec.  i  of  Art.  II  ot  ihc  i;>  L.iws, 
by  striking  out  the  word  "first"  and  inserting  in  its  place  the  word  "lourth," 
making  the  section  read,  "  The  Stated  meetings  of  the  Section  shall  be  held 
on  the  fourth  Tuesday  of  each  month  at  8  P.  M.,  except  durmg  the  months 
of  July  and  August."  (This  amendment  will  come  up  for  action  at  the  next 
stated  meeting.) 

The  meeting  then  adjourned.  L.  F.  Rundinella.  Sfcrrtary. 
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CORRESPONDENCE. 


To  /hi  Commit/eg  on  Publications,  Franklin  Institute,  Philadelphia. 

Gentlemen  : — Will  you  kindly  publish  in  your  Journal  a  few  remarks 
upon  the  article  by  C.  B.  Dudley,  Ph.D.,  on  pp.  8i  and  93  of  the  Journal, 
current  volume  ? 

As  a  member  of  the  firm  of  Torrey  &  Eaton,  New  York,  I  have  given 
much  attention  to  the  analysis  of  bearing  metals,  having  personally  manu- 
factured 1,000  tons  of  various  alloys,  and  have  carefully  read  the  article  by 
Dr.  Dudley.  Knowing  his  experience  as  an  analyst  and  of  his  high  stand- 
ing as  a  member  of  the  Mechanical  Engineers,  I  was  surprised  to  note  that 
among  the  various  analyses  of  bearing  metals  given,  he  has  made  several 
grave  errors  in  the  analysis  of  magnolia  metal.  This  may  work  to  the  injury 
of  a  company  which  has  done  much  to  advance  the  interests  of  mechanics. 

I  am  looking  at  this  matter  from  an  entirely  scientific  standpoint,  and 
would  not  expect  ihe  Journal  io  take  it  up  in  any  other  way. 

In  the  analysis  of  magnolia  metal,  Dr.  Dudley  has  overstated  one  con- 
stituent part  and  has  omitted  tin  (which  it  always  contains)  and  other  material. 
On  the  same  page  is  given  an  analysis  of  antimonial  lead,  which  may  be 
correct,  but  not  an  ounce  of  this  is  ever  used  in  magnolia  metal,  and  the 
public  will  compare  it  with  the  magnolia  analysis  as  given.  This  may  work 
to  the  injury  of  the  reputation  of  the  makers  of  magnolia. 

Respectfully  yours,  H.  G.  Torrey. 
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[In  sending  books  for  notice  in  the  Journal,  publishers  are  requested,  for 
the  information  of  the  reader,  as  well  as  for  their  own  advantage,  to  give 
the  price.  This  announcement  by  title  will  be  followed,  in  most  cases,  by  a 
review,  which  will  appear  at  the  earliest  opportunity.] 
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A  Mamtal  of  the  Steam  Entwine.  Part  II.  Design,  Construction  and  Opera- 
tion. By  Robert  H.  Thurston,  A.  M.,  LL.D.,  Dr.  Engineering.  New 
York:  John  Wiley  ».^  Sons.     1891.     Pp.  xxiv,  934. 

This  second  portion  of  this  latest  of  Prof.  Thurston's  works  is  fully  up  to 
the  standard  of  the  first  volume,  and  perhaps,  from  the  full  and  able  review 
of  that  portion  in  \\\q  Joiofiii/,  little  more  need  be  said.  The  work  is  divided 
into  chapters  on  design  of  the  steam  engine  ;  design  of  valve  gearing  and 
steam  distribution  ;  regulation  of  the  engine,  governors,  fly  wheels  and 
inertia  effects ;  construction  and  erection ;  operation,  care  and  management 
of  engines;  engine  and  boiler  trials;  specifications  and  contracts,  and 
finance. 

It  is  the  last  chapter  that  will  be  of  most  interest  to  engineers  generally, 
as  the  author  has  here  brought  together  a  large  amount  of  data  not  hereto- 
fore collated,  and  which  will  be  interesting  reading  to  every  engineer.  The 
blank  forms  used  for  determining  costs,  published  by  .Mr.  Towne  in  the 
Transactions  of  the  American  Society  of  Mechanical  Engineers,  arc  here 
reproduced  together  with  the  forms  printed  in  the  Transactions  of  the 
National  Electric  Light  Associations. 

Numerous  instances  of  large  savings  from  modifications  of  steam  plants 
arc  given.  Estimates  are  given  as  to  the  costs  of  large  steam  plants  and  of 
boilers,  but  it  is  not  possible  from  the  text  to  tell  just  what  is  included  in  the 
estimate.  Tables  follow  giving  the  number  of  attendants  required  on  vessels 
of  different  nationalities.  Costs  of  engines  and  boilers  under  difTcrent  con- 
ditions are  given,  which  are  valuable  if  one  has  the  original  papers  at  hand 

to  determine   the    conditions   under   which   the   estimates   ar- 'r.     For 

instance,  taking  an  engine  from  one  of  the  tables  we  have  a  >[y  non- 

compound  engine  of  568  I.  H.  P.,  cost  55,331  (of  course  meaning  plant,  but 
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not  saying  so),  using  twenty-seven  pounds  water  per  I.  H.  P.  and  yi"]  pounds 
coal.  This  is  rather  an  odd  combination  of  figures,  but  may  have  been 
right  when  first  printed  in  1883. 

This  is  followed  by  some  costs  of  construction,  taking  the  case  of  a 
passenger  locomotive,  and  by  the  divisions  of  the  labor  costs  among  the 
different  departments  of  a  manufacturing  establishment.  The  cost  of  repairs 
is  then  taken  up  and  an  example  given. 

The  costs  of  operation  are  given  for  a  few  cases,  noting  the  difficulty 
generally  found  in  getting  these  costs  exactly.  Examples  are  given  showing 
the  cost  of  small  engines  using  gas,  steam  and  hot  air.  The  relation  of  cost 
values  and  durability,  and  the  arithmetical  rules  for  computing  interest  are 
explained.  The  questions  of  the  efficiency  of  the  steam  boiler  from  the 
designer's  and  from  the  owner's  standpoint  are  stated. 

The  next  point  treated  of  is  that  of  lubrication,  and  considerable  data  as 
to  the  amount  of  oil  that  has  been  used  under  diff"erent  conditions  have  been 
collected.  The  author  deduces  an  arithmetical  solution  of  the  treatment  of 
this  portion  of  the  subject  of  costs.  A  table  gives  the  cost  of  simple  and  of 
compound  engines  of  from  250  to  700  horse-power  and  tables  showing  the 
daily  and  yearly  running  expenses  of  engines  of  various  kinds  and  under 
various  conditions. 

A  rather  interesting  thing  is  the  plan  of  a  steam  plant  in  connection  with 
which  the  author  says :  "The  'steam  plant,'  so-called,  thus  consists  of  the 
whole  arrangement  of  engines,  boilers,  and  all  accessories,  and  its  design 
frequently  involves  many  important  questions  arising  from  the  conditions  of 
location,  and  of  costs  at  the  chosen  locality.  In  the  figure,  these  have 
been  studied  with  a  view  to  securing  the  best  and  most  convenient  location 
of  parts,  actually  and  relatively,  etc.  The  plant  referred  to  consists  of  two 
return  tubular  boilers  and  two  engines  driving  four  dynamos. 

The  subject  of  electrical  energy  is  taken  up  and  considerable  space  given 
to  the  conditions  under  which  it  is  used  and  to  the  data  relating  thereto.  The 
last  article  is  devoted  to  the  transmission  of  power  and  here  again  consider- 
able valuable  data  have  been  collected. 

While  Prof.  Thurston  on  the  title  page  states  that  the  work  is  intended 
for  engineers  and  technical  schools,  it  can  be  read  with  profit  by  any  one 
interested  in  steam  engines,  as  the  mathematical  parts  are  not  at  all  essential 
to  a  fairly  complete  mastery  of  its  contents,  although  there  are  some  portions, 
as  for  instance  those  relating  to  inertia  effects,  which  are  rather  beyond  the 
comprehension  of  one  not  well  versed  in  mathematics.  H.  W.  S. 


The  Zodiacal  I Jght.     By  M.  A.  Veeder,  M.  D.     Extracted  from  Proceedings 
of  the  Rochester  Academy  of  Science.     Vol.  i. 

This  is  one  of  the  many  attempts  made  to  explain  the  mysterious  phe- 
nomenon known  as  the  Zodiacal  Light.  The  author  attributes  the  phenomenon 
to  light  reflected  from  an  extension  of  the  solar  corona,  consisting  of  meteoric 
particles.  The  paper  is  attractively  written  and  the  explanations  are  at  first 
sight  plausible,  but  upon  closer  examination  they  fail  to  impart  conviction  to 
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the  reader.  While  the  increased  brightness  observed  during  spring  and 
autumn  may  be  satisfactorily  explained,  it  is  not  at  all  clear  why  the  light 
should  be  brightest  on  the  evenings  of  spring  and  the  mornings  of  fall, 
since  the  spectator  has  practically  the  same  standpoint  on  both  mornings  and 
evenings.  Nor  is  there  any  reason  why  the  phenomenon,  as  explained, 
should  be  seen  most  pronounced  in  the  tropics.  A  difference  of  the  point  of 
observation  of  several  thousand  miles  to  the  north  or  south  of  the  equator,  is 
so  trifling  that  the  observed  diminution  of  the  brightness  of  the  light  as  the 
distance  of  the  equator  is  increased,  cannot  be  accounted  for.  In  order  to 
still  further  confirm  the  existence  of  meteoric  matter,  the  author  suggests  that 
these  meteors  take  part  in  conveying  those  electric  impulses  from  the  sun  to 
the  earth,  which,  according  to  our  experience,  are  transmitted  during  periods 
of  solar  eruptions.  This  assertion  is  also  open  to  objections.  These  electric 
disturbances,  being  transmitted  from  the  sun  to  the  earth  by  induction  and 
not  by  conduction,  a  transmitting  medium  is  not  required.  H.  B. 


ANXL'.AL  REPORT  of  the  DIRECTOR  of  the  DRAWING   SCHOOL 
OF  THE  FRANKLIN  INSTITUTE  for  the  SESSIO.NS  1891-92. 


The  attendance  during  these  sessions  has  been  greater  than  ever  before, 
with  the  single  exception  of  last  year,  again  necessitating  the  division  of  the 
classes  into  two  sets  to  attend  on  different  evenings  because  of  want  of  room 
in  this  very  inadequate  building.  This  department  of  the  Institute  is  as 
poorly  provided  as  the  others  with  facilities  and  suitable  appliances  and 
surroundings  for  the  proper  prosecution  of  its  useful  and  valuable  work.  It 
has  led  for  years  in  the  system  and  methods  of  teaching  mechanical  drawing, 
and  is  gradually  reforming  the  science  throughout  the  country,  and  yet  has 
been  compelled  to  do  this  at  a  minimum  of  expense  and  in  unsuitable 
quaiters. 

The  benefit  of  a  systematic  and  progressive  course  has  been  well  demon- 
strated by  the  work  of  the  Senior  Classes  this  year,  which  is  of  a  higher 
average  than  ever  before.  This  work  is  of  too  technical  and  scientific  a 
nature  to  make  a  popular  or  attractive  display,  but  the  benefit  to  the  student 
of  receiving  a  thorough  course  of  instruction,  which  will  be  important  to  his 
future,  is  far  greater  than  if  the  time  was  spent  in  elaborately  executing, 
coloring  and  shading  a  few  show-pieces.  The  time  of  a  night  school  is  too 
limited  to  attempt  results  which  would  greatly  impress  the  laity,  and  i>  mu<  h 
better  spent  in  teaching  principles  .md  nicthoils  .iiul  in  laying  a  sdIuI  fw.;rul.\- 
tion  for  the  future. 

The  corps  of  instructors,  comprising  .Messrs.  Clement  Rcmin;^'t<>n,  Lucien 

E.   Picolet,   George    W.   Irons,   George   S.   Cullen,   H.   Allen    H ■•^d 

William  H.  Sheahan,  possesses  the  great  advantage  that  its  mem*-.  :  tc 

a  thorough  theoretical  knowledge  of  their  several  branches  wjih  the  practical 
application  of  them  in  actual  work,  and  this  circumstance  has  much  t  h 

the  great  amount  of  benefit,  which  the  intelligent  pupils  derive  dui...^  ;..v.r 
limited  attendance  at  this  night  school. 
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The  following  pupils  are  entitled  to  Honoiable  Mention  : 

In  the  Jimior  Classes. 

Arthur  Bentley,  A.  F.  Abronski, 

G.  W.  Hassellund,  William  F.  Troost, 

James  H.  Leicht,  Milton  B.  Stout, 

Henry  J.  Nelson,  T.  F.  Kelly. 

I7i  the  Intermediate  Classes. 

Malcolm  Lovett,  Bert.  Bilhartz, 

Howard  R.  Lamborn,  Eric  Ostram, 

Austin  Riegner,  N.  Battle, 

James  Marshall,  A.  Martin  Devoe, 

Samuel  G.  Barnard,  Christian  Hagenlocher. 

In  the  Senior  Classes. 

Walter  Hensel,  Abraham  P.  Weckerley, 

William  Saile,  William  H.  Simmons, 

Bruce  Ford,  Joseph  Royal, 

Charles  Rowe,  William  T.  Westbrook,  Jr. 

In  the  Architectural  Class. 

George  W.  Raynor,  Lewis  C.  Butler, 

Charles  P.  Jarden,  George  H.  Robinson, 

Thomas  Noble. 

In  the  Free-Hand  Class. 

Robert  F.  Scheicher,  Max  L.  Kohl, 

George  T.  Blaisse,  Jr.,  Walter  L.  Allen, 

Godfrey  Semper. 

The  following  pupils  are  awarded  scholarships  from  the  B.  H.  Bartol 
Fund,  entitling  them  to  tickets  for  the  next  term,  beginning  September  20, 
1892  : 

Walter  Hensel,  Bert.  Bilhartz, 

William  Saile,  Arthur  Bentley, 

George  W.  Raynor,  A.  F.  Abronski, 

Malcolm  Lovett,  William  F.  Troost. 

The  following  pupils,  having  attended  four  terms  and  completed  satis- 
factorily a  full  course,  are  awarded  certificates  : 

Henry  Aichele,  Clifford  I.  Hewitt, 

Edward  C.  Aitken,  Joseph  M.  Hewlett, 

Walter  L.  Allen,  George  Lutner, 

Franklin  W.  Biedert,  Alva  S.  Mackenzie, 

George  T.  Blaisse,  Jr.,  Charles  McLoughry, 

Julius  Block,  John  Rigling, 

Frederick  Buehler,  Charles  Rowe, 
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Charles  F.  Cochrane,  Andrew  Sauer, 

George  T.  Coleman,  Godfrey  Semper, 

William  S.  Cooper,  William  H.  Simmons, 

Frank  J,  Crowne,  George  W.  Todd, 

Lorenzo  C.  Dilks,  Richard  H.  Trimble. 

Jackson  Dunlap,  Jr.,  Paul  G.  Webb, 

Henry  B.  Etler,  Allen  Wilson, 

Herman  Hammer,  Thomas  .M.  Worn. 
Walter  Hensel, 

The  next  term  will  begin  September  20,  1892,  when  endeavor  will  be  made 
to  maintain  the  progressive  spirit  of  this  department  of  the  Institute. 

William  H.  Thorne,  Director. 


Franklin    Institute. 


[^Proceedings  of  the  stated  meetinif,  held  April  20,  iSg2.'\ 

Hall  of  the  Franklin   Institute, 

Philadelphia,  April  20,  1892. 

Mr.  G.  Morgan  Eldridge,  Chairman /rt;  tcm. 

Present,  forty-six  members  and  five  visitors. 

Additions  to  membership  since  last  report,  eight. 

The  Secretary  reported  the  death  of  Mr.  Wm.  A.  Cheyney,  auditor  of  the 
Institute,  and  moved  the  appomtment  of  a  committee  to  prepare  a  suitable 
memorial  of  the  deceased.     Carried. 

Mr,  E.  H.  Outerbridge,  of  New  York,  gave  a  description  of  a  new  article 
of  manufacture,  called  "  pantasote  "  leather,  designed  principally  to  serve  as 
a  substitute  for  leather,  and  especially  for  the  more  costly  varieties  of  leather 
employed  for  upholstery,  wall  decorations,  travelling  bags,  etc.  The 
speaker  illustrated  his  remarks  by  the  exhibition  of  a  series  of  lantern  slides 
showing  the  process  of  manufacture,  and  of  an  interesting  suite  of  samples 
of  the  finished  products. 

Mr.  Thomas  P.  Conard  presented  a  description,  with  lantern  projections, 
of  the  Shay  geared  locomotive. 

Mr.  T.  F.  Cook,  of  Tacoma,  Washington,  followed  with  a  description  of  a 
new  method  of  transportation  recently  invented  by  him.  The  inventor 
employs  an  overhead  system,  the  permanent  way  consisting  of  a  single  iinc 
of  columns  carrying  an  upper  and  lower  girder.  The  invention  consists 
further  in  an  arrangement  of  horizontal  pulleys  which  arc  carried  on  the  lower 
girder,  adapted  to  be  driven  by  any  suitable  motive-power  and  by  which 
motion  is  communicated  to  the  cars.  The  latter  arc  arranged  to  travel  in  oppo- 
site directions  on  the  two  sides  of  the  elevated  structure. 

The  Secretary  read  his  monthly  report. 

Adjourned.  Wm.  H.  Wahl,  Secretary, 
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Fig.   I . — Gibbon  duplex  rail  construction. 

2. —  lointchair  and  rail. 

3.— Duplex  rail. 
"       4. — Cross-section  at  chair. 

5. — Longitudinal  section  at  joint. 
*■       6.— Tie-bar. 

7. — Wedge-key. 


Fig.  3. 
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Fig.  4. 
THE  GIBBON  DUPLEX  STREET  RAILWAY  TRACK. 
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THE  GIBBON  DUPLEX  STREET  RAILWAY  TRACK.— FINISHED  TRACK. 
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GIBBON'S  DUPLEX  STREET  RAILWAY  TRACK, 


\_Report  of  the  Committee  on  Science  and  the  Arts.'\ 


[No.  1,643.]  Hall  of  thi:  Franklin  Institutp:, 

Philadelphl\,  April  i,  1892. 
The  Sub-Committee  of  the  Committee  on  Science  and' 
the    Arts,  constituted    by    the  Franklin     Institute  of    the 
State  of  Pennsylvania,  to  whom  was  referred  for  examina- 
tion, 

gibbon's  dui'LEx  street  railway  track, 

report.  That  the  system  embraces  a  form  of  construciiun  i<jr 
street  railways  that  dispenses  with  wooden  sills  and  cross 
ties,  and  substitutes  therefor  metal  chairs  and  tie-bars  as 
supports  and  braces,  for  a  system  of  double  rails  of  peculiar 
construction,  in  which  the  head  and  tlange  rails  are  separate, 
each  having  a  wide  depending  web  directly  under  the  load- 
bearing  surface.  These  twp  sections,  when  united,  form  a 
complete  rail,  making  a  very  stiff  longitudinal  stringer,  laid 
Vol.  CXX.XIH.  37 
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to  break  joints,  so  that  when  the  head  sections  meet  they 
are  supported  by  the  solid  portion  of  the  flange  section,  and 
where  the  latter  join  they  are  covered  partially  by  the  solid 
head  section,  thus  practically  forming  a  jointless  track  of 
uniform  strength  and  elasticity  throughout  its  entire  length. 

A  transverse  section  of  this  track  exhibits  two  double 
rails — two  cast-iron  chairs,  one  tie-bar  and  two  lock-wedges, 
as  shown  in  the  accompanying  illustrations. 

It  will  be  noted  that  no  spikes  or  threaded  bolts  are  used, 
that  the  gauge  of  the  track  is  absolutely  uniform  and  per- 
manent, being  controlled  by  the  notched  tie-bars  which 
receive  the  webs  of  the  rails.  Two  patterns  of  cast-iron 
chairs  are  preferably  used:  the  joint  chair  having  slots  and 
key-ways  to  receive  two  tie-bars  and  two  key-wedges,  and 
an  intermediate  chair  having  but  a  single  tie-bar,  slot  and 
key-way. 

The  tie-bars  are  made  from  flat  steel  about  two  inches 
by  one-half  inch  at  each  end  to  any  desired  gauge,  to  receive 
the  webs  of  the  rails. 

The  keys  or  wedges  are  split  at  one  or  both  ends,  and, . 
being  driven  through  the  key-ways  of  the  chairs  directly 
over  the  tie-bars,  and  through  openings  in  the  webs  of  the 
rails,  are  securely  held  in  place  by  slightly  spreading  the 
split  ends,  so  that  they  will  not  come  out  accidentally,  but 
are  not  difficult  to  remove  when  necessary. 

The  claims  of  superiority  advanced  for  this  system  are 
fully  discussed  and  illustrated  in  the  letters  patent  Nos. 
429,127  and  429,128,  dated  June  2,  1890,  and  other  papers 
forming  an  appendix  for  reference;  but  briefly  stated,  they 
appear  under  the  following  heads : 

(i)  **  Durability  and  permanence,  inherent  to  an  all-metal 
system."     This  claim  passes  without  question. 

(2)  "vSmoothness  and  stability  of  the  track,  which  is 
absolutely  free  from  weak  points." 

When  a  track  is  constructed  so  that  the  ends  of  the  rails 
cannot  yield  to  the  passing  load,  the  worst  of  all  track-des- 
troying causes  is  removed,  and  such  a  road  must  retain  its 
smoothness  and  stability  until  the  rails  are  entirely  worn 
out  throughout  their  length. 
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(3)  ''Increased  vertical  and  lateral  strength  without 
increase  of  metal." 

The  double  rail  with  the  two  vertical  webs  combined  and 
secured  by  the  metal  chairs,  tie-bars  and  wedges,  is  naturally 
very  stiff,  in  all  directions;  this  is  mainly  due  to  the  better 
disposition  of  the  metal  with  relation  to  the  direction  of  the 
load  and  strain. 

(4)  *'  Freedom  from  torsional  strain,  the  bearing  surfaces 
being  directly  supported  by  the  vertical  webs." 

The  prevailing  form  of  a  street  track  in  America  provides 
for  two  kinds  of  service,  a  head  to  carry  the  car  and  a  flange 
upon  which  other  vehicles  may  run. 

In  single  girder  rails,  the  one  vertical  web  is  not  placed 
directly  under  either  of  these  load-bearing  portions,  but 
between  them,  so  that  there  is  no  direct  support  for  either 
car  or  wagon,  which  brings  upon  such  a  track  a  serious  and 
injurious  twisting  strain.  In  the  Gibbon  rail,  which  has  the 
two  vertical  webs  directly  under  each  of  the  load-bearing 
surfaces,  similar  twisting  is  impossible. 

(5)  "Increased  wearing  capacity  of  head  rail." 

On  tracks  constructed  so  that  wagons  cannot  travel  upon 
them,  or  where  the  wagon  travel  is  much  lighter  than  the 
car  service,  the  head  of  the  rail  wfll  wear  out  most  rapidly ; 
when  this  occurs  upon  a  single  girder  rail  the  entire  rail 
must  be  discarded  as  scrap,  while  with  the  Gibbon  system, 
only  the  head  rail  need  be  renewed,  and  the  discarded  part 
is  but  half  the  weight  of  the  single  girder. 

(6)  **  In  renewal,  the  discarding  of  the  worn  portion  only 
is  necessary." 

The  advantage  of  retaining  either  half  of  the  rail  in  ser- 
vice until  it  is  worn  out,  adds  greatly  to  the  life  and  econ- 
omy of  such  a  track. 

(7)  "Perfect  alignment  and  accurate  maintenance  of 
gauge  with  requisite  freedom  forexpansion  and  contraction." 

The  union  of  the  rails  with  the  tie-bars  and  keys  at  the 
chairs  is  such  that,  while  the  rails  are  firmly  seated  in  the 
chairs  and  securely  held  down  by  the  keys,  the  eyes  in  the 
rail-webs  being  longer  than  the  width  of  the  keys,  ample 
play  for  expansion  is  provided. 
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(  8  ''Simplicity  of  construction  which  expedites  the  track 
laying  and  reduces  the  disturbances  of  the  public   streets."" 

Every  piece  of  the  Gibbon  track  is  of  the  simplest  form 
and  inexpensive  to  make,  and  in  the  construction  of  a  mile 
of  track  but  7,850  pieces  are  required,  while  some  of  the 
permanent  single  girder  tracks  are  made  up' of  over  26,00a 
pieces  and  the  common  tram  rail  uses  17,406  pieces  per  mile. 
In  excavating  for  these  tracks  the  quantity  of  earth  to  be 
removed  bears  about  the  same  ratio,  viz  :  for  the  Gibbon 
track  300  cubic  yards  and  for  the  others  i  ,064  cubic  yards, 
and  932  cubic  yards,  respectively.  These  advantages  bring 
the  cost  of  the  superior  all-metal  Gibbon  track  within  the 
cost  of  the  ordmary  tram  track. 

(9)  *'  Maintenance  of  absolute  contact  of  metal,  which 
obviates  the  necessity  of  'bonding  joints'  for  electrical 
traction." 

This   claim   is  doubtless  well   founded ;  the    method  of 
connecting  the  rails  at  their  ends  is  such  that  for  electrical 
^  service  the  track  is  found  to  be  practically  and  permanently 
as  one  continuous  rail. 

(10)  "A  reasonable  first  cost,  and  great  saving  in  mainte- 
nance." 

For  reasons  above  stated,  this  claim  must  be  conceded. 

From  a  careful  examination  of  this  system  and  an  inspec- 
tion of  tracks  in  practical  use,  it  is  evident  that  much  that 
has  long  been  desired  in  the  direction  of  a  better  and  more 
lasting  construction,  permanent  smoothness  and  strength 
equal  to  the  heavy  traffic  that  they  are  subject  to,  has  been 
carefully  and  ably  worked  out  upon  a  thoroughly  practical 
and  economical  line,  in  every  detail. 

The  special  requirements  of  electrical  traction  and  cable 
service  appear  to  be  fully  met,  so  that  we  have  an  excellent 
substitute  for  every  objectionable  form  of  track  now  com- 
monly used. 

An  invention  that  will  contribute  so  much  to  the  daily 
comfort  of  every  one  who  must  use  the  street  cars,  and  that 
at  the  same  time  materially  reduces  the  annoyance  of  the 
ever-recurring  repairs  to  the  present  prevailing  systems, 
commends  itself  to  the  highest  appreciation  of  all. 
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We  therefore  respectfully  recommend  the  grant  to  the 
inventor  of  the  award  of  the  John  Scott  Legacy  Premium 
and  Medal. 

H.  R.  Hevl,    Chairman  ;  J.  M.  EmaNUEL, 

Spenxer  Fullerton,  Chas.  E.  Ronaldson, 

Arthur   Beardslev,  G.  Morgan  Eldridge, 

L.  L.  Cheney. 
Adopted,  May  ^,  iSg2. 

Arthur  Beardslev, 
Chairman  of  the  Committee  on  Science  and  the  Arts. 


The    development    of    AMERICAN   ARMOR- 
PLATE. 


By  F.  Lynwood  Garrison. 


\_Contint4ed  from   p.  JJ^.] 

Alloyed  Steel  Arvior. —  As  far  as  the  author  can  determine 
the  use  of  what  has  beeji  termed  "  alloyed  steels  "  for  the 
manufacture  of  armor-plate  was  begun  on  an  entirely 
experimental  basis,  about  the  year  1881. 

During  this  year,  some  chrome  steel  plates  made  at  Creu- 
sot  and  at  Unieux  were  tested  at  the  Gavre  proving 
grounds  in  P" ranee.  These  plates  were  composed  of  square 
slabs,  fastened  to  a  solid  backing  of  iron. 

The  experiments  were  not  so  successful  as  anticipated, 
the  first  projectile  shattering  the  plate  almost  to  pieces. 
This  result  was  attributed  to  the  fact  of  the  iron  backing 
not  being  sufficiently  solid,  and  to  the  difficulty  of  getting 
the  iron  and  steel  to  make  an  efticient  compound.* 

Since  1881,  some  few  experimental  plates  of  chrome, 
manganese  or  copper  steels  have  been  made  in  France :  as 
far  as  the  author  knows  the  results  were  not  made  public, 
and  he  infers  they  conld  not  havie  been  satisfactory. 

The  one  alloyed  steel,  which  has  been  used  tt)  any  extent 

*  J&umrtl of  thf  Iron  and  Steel  Inst.,  No.  I,  1881,  p.  339. 
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within  the  last  two  or  three  years,  is  nickel  steel ;  it  was 
first  used  in  a  practical  manner  as  armor-plate  in  France. 

Henri  Schneider,  of  Creusot,  in  his  patent  specifications 
for  the  manufacture  of  alloys  of  steel  and  nickel,  and  steel 
and  copper,  mentions  that  such  alloys  are  especially  adapted 
or  suitable  for  use  in  the  construction  of  armor-plates."^  For 
several  years  it  has  been  a  well-known  fact  amongst  metal- 
lurgists that  alloys  of  certain  properties  of  nickel  and  steel 
are  made  more  thoroughly  homogeneous,  stronger  and 
harder  by  the  presence  of  the  nickel.  Nickel  steel  with- 
stands punching  without  cracking  to  a. marked  degree;  it 
forges,  rolls  and  tempers  well,  and  can  be  cast  into  shapes 
without  difficulty. 

In  1 891,  Capt.  Tresidder  obtained  a  British  patentf  for 
the  use  of  a  nickel  steel  back  instead  of  wrought  iron  or 
steel,  in  the  manufacture  of  the  Ellis  (Brown  &  Co.)  com- 
pound plates. 

He  states  in  the  specification  that  about  two  per  cent,  of 
nickel  is  added  to  the  Siemens-Martin  steel  used  for  the 
purpose,  also  tnat  such  nickel-steel  \s  equally  applicable  to 
compound  plates  made  in  any  other  manner.  The  use  of 
these  nickel-steel  backs  is  possibly  as  important  if  not 
the  most  important  factor  in  the  success  of  the  so-called 
Tresidder  process  which  will  be  considered  later  on. 

One  of  the  first  nickel-steel  plates  made  by  Schneider 
&  Co.,  at  Creusot,  was  tested  by  the  Russian  Government  at 
Ochta,  November  11,  1890. 

The  now  famous  nickel-steel  plate,  tested  at  Annapolis 
in  September,  1890,  was  made  at  Creusot  about  a  year  after 
the  Ochta  plate,  and,  as  a  consequence,  might  be  expected 
to  be  the  superior  owing  to  the  improvements  which 
naturally  would  be  made  in  the  process  of  manufacture 
during  that  interval. 

The  Ochta  plate  did  not  develop  as  good  qualities  as 
had  been  expected,  but  it  proved  much  superior  to  the 
Brown   compound   plate,  and   the    Vicker's  all-steel  plate 

*U.  S.  Patents  415,655  and  415,654,  November  19,  1889. 
+  No.  2.552,  of  1891. 
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tested  at  that    time ;    only  two    of  the  projectiles   getting 
their  points  beyond  its  back. 

The  rebounding  of  the  projectiles  from  the  nickel- 
steel  plate  showed  it  to  be  much  more  elastic  than 
the  all-steel,  the  latter  acting  more  like  good  wrought 
iron  when  attacked  by  projectiles  of  the  best  quality- 
One  especially  noticeable  feature  in  the  nickel-steel 
plate  should  be  kept  in  mind — that  of  the  little  effect 
of  its  many  cracks  on  the  penetration  of  succeeding  pro- 
jectiles.* 

M.  Barba  states-f-  that  he  cannot  see  the  necessity 
of  seeking  so  earnestly  the  suppression  of  cracks  since  they 
do  not  exercise  any  influence  upon  perforation.  By  giving 
the  steel  a  laminated  structure,  assisted  by  the  introduction 
of  nickel,  it  is  possible  to  keep  back  the  apparition  of  cracks, 
but  M.  Barba  did  not  think  in  any  metal  they  could  be  done 
awa)'  with  altogether. 

It  is  difficult  to  determine  just  how  the  nickel  acts  in  a 
beneficial  manner  when  added  to  steel ;  that  nickel  has  a 
very  strong  athnity  for  iron,  we  have  demonstrated  in  its 
almost  invariable  presence  in  meteoric  iron. 

Vickers  denies  the  supposition  that  nickel  could  give  a 
laminated  structure  to  cast  steel.  He  states  that  when  a 
projectile  strikes  a  plate  the  metal  must  be  distorted,  and 
if  that  leads  to  cracking,  it  is  likely  to  be  called  lamination. 
He  had  noticed  cracks  beneath  and  parallel  with  the  sur- 
face were  often  thought  to  be  due  to  lamination. | 

Bc-M-ba  states  that  the  presence  of  cracks  depend  very 
much  upon  the  nearness  of  the  point  of  impact  of  the  shot 
to  the  edge  and  that  they  might  be  prevented  by  the 
proper  metallurgical  treatment.,^ 

Mr.  W.  H..  White  (Director  of  Naval  Construction  of  the 
British  Admiralty)  states,  that  he  has  seen  cracks  take  place 

♦  The  Years  Naval  Proi^ress,^.  303.     Washington,  1891. 
t  /yoceedinj^s  of  the  Institution  of  Saval  Archittits,  1 89 1.      Fnt^imeerim^, 
vol.  li.  1891,  p.  393. 

X  Ibid.  {Eni^^ifttt-rini;),  p.  yj}^, 
\  Ibid.,  p.  396. 
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Fig.  6. — Creusot  nickel-steel  plate. 


Via.  7.— Creusol  nickcl-stcel  pUte  (b^ck) 
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at  some  distance  from  the  shot.  What  the  cause  might  be 
it  is  difficult  to  say,  and  how  far  the  effect  might  be  serious 
for  cracks  of  given  dimensions,  it  was  also  difficult  to  decide.^ 

The  results  of  the  Annapolis  trials  of  1890  are  too  well 
known  to  need  further  comment.f  The  resistance  obtained 
with  the  nickel-steel  plate  far  exceeded  the  expectations. 
At  the  fifth  shot,  with  a  striking  energ}^  of  4,988  foot-tons,, 
an  eight-inch  armor-piercing  projectile  broke  in  many  pieces 
after  having  forced  its  point  but  ten  and  one-half  inches 
beyond  the  back  and  without  developing  a  sign  of  a  crack. 
(See  Plate  I.)  This  armor-plate  showed  as  much  homogeneity 
as  the  steel  one,  but  was  tougher  and  more  tenacious.  [Figs. 
6  and  7.)  Never  before,  in  the  history  of  modern  armor,  had 
a  plate  given  results  to  compare  with  these;  withstanding 
a  total  energy  of  16,940  foot-tons — 1,835  foot-tons  per  ton  of 
plate  —without  developing  a  single  crack  and  without  being 
perforated. J  The  dimensions  of  both  these  nickel-steel  plates 
were  much  the  same,  the  Ochta  being  8x8  feet  square  and 
about  ten  inches  thick,  and  the  Annapolis  6x8  feet  by  loj 
inches  thick. 

They  differed  somewhat  in  composition,  containing 
unequal  proportions  of  nickel.  Up  to  the  time  of  the 
Annapolis  trials  no  nickel-steel  plates  of  any  great  size 
appear  to  have  been  made  in  England,  although  about  that 
time  and  since,  considerable  quantities  of  four-inch  nickel- 
steel  deck  plates  have  been  made  and  tested  on  board  the 
Nettie,  with  very  satisfactory  results. §  It  has  been  officially 
stated  such  plates  yielded  results  seventy-five  per  cent. 
above  similar  plates  ever  tested  in  England.||  Similar 
results  were  obtained  by  the  French,  Danish  and  Chilian 
Admiralty  officials. 


*  Engineering,  p.  396. 

tSee  The  Year  s  Naval  Progress,  ]\Ay,  PSqi.  Proceedings  of  the  L.  S. 
Naval  Inst.,  vol.  xxi,  No.  5.  Journ.  of  the  Franklin  Inst.  Report  of  the 
Secretary  of  Navy. 

X  Ibid.,  p.  326. 

>i  fournal  of  the  Iron  and  .Steel  Inst.,  No.  11,  1891,  p.   51. 

II  Trans,  of  the  Am.  Inst,  of  Mining  Engineers,  vol.  xix,  p.  832. 
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At  the  present  time  the  development  of  nickel-steel  in 
England  appears  to  be  in  its  application  to  compound  plates 
by  the  system  of  Captain  Tresidder  already  mentioned. 

The  author  assumes  the  nickel-steel  deck  plate  made   in 

this  country  to  have  given  equally  good   results.     Some  of 

it  made  by  Carnegie,  Phipps  &  Co.,  showed  by  analysis  the 

following  composition  :* 

/.  //. 

Carbon =  090  088 

Phosphorus =  0018  0021 

Manganese =   ro5  rioi 

Silicon =  0*059  0.078 

Nickel, =  2'39  2"  50 

Sulphur =  0014  o"oi6 

Specific  gravity =  7  801  7853 

This  metal  is  presumably  up  to  the  United  States  Navy 
standard  of  85,000  pounds  tensile  strength  and  twenty  per 
cent,  elongation. 

Two  nickel-steel  plates  of  iO"43  and  9*84  inches  in  thickness, 
respectively,  were  tested  at  Gavre,  in  July,  1891,  yielding 
results  very  similar  to  those  obtained  with  the  Creusot 
nickel-steel  plate  at  the  Annapolis  trials  of  1890.+ 

Triple  Alloys. —  What  might  be  termed  triple  alloys  of 
steel  are  beginning  to  attract  some  attention,  and  it  would 
seem  probable  in  the  near  future  they  may  be  used  to 
some  extent  in  the  manufacture  of  armor-plate.  Already 
the  Compagnie  des  HautsJ'ourncaux,  I'orges  et  Acii'rus  de  la 
Marine  et  des  Ckemins  de  Fer  in  France  have  made  some 
experimental  armor-plate  of  a  0*4  per  cent,  carbon  steel  with 
one  per  cent,  chromium  and  two  per  cent,  nickel,  the  steel 
being  first  melted  in  an  open-hearth  furnace  in  the  ordinary 
way.  When  the  silicon  and  manganese  normally  pre.sent 
in  the  steel  have  attained  their  proper  proportions,  the 
nickel  and  chromium  are  added  successively  in  the  form  of 
ferro-nickel  and  ferro-chrome,  or  in  the  shape  of  a  double 
ferro-chrome  and  nickel4 

♦  The  author  is  indebted  for  this  analysis  to  Mr.  Jamfs  S.  de  iienneville. 
of  Philadelphia. 

t  I^   Yacht,  October  24.  1891. 

t   Eni^inrering  and  Minifti^  Journal,  January  23.  1 892,  p.   »  -i 
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The  desiofn  of  the  alloy  is  obvious,  as  it  is  evident  the 
nickel  is  intended  to  give  the  toughness  and  the  chromium 
the  hardness. 

If  by  this  means  conditions  in  armor-plate  could  be 
obtained  similar  to  those  in  the  Harvey  treated  nickel-steel 
plates  at  the  recent  Indian  Head  trials,  we  would  truly 
have  an  ideal  plate — ideal  at  least  until  the  power  of  the 
gun  has  outgrown  its  present  proportions.  The  author 
ventures  to  hope  this  ideal  will  at  least  in  some  measure  be 
realized,  for  he  believes  the  development  of  armor-plate  in 
this  direction  to  be  the  true  one. 

The  recent  armor-plate  trials  held  at  Indian  Head,  Md., 
the  subject  of  which  should  properly  constitute  this  paper, 
were  held  in  three  series,  the  first  October  31st,  the  second 
November  14,  1891,  and  the  third  January  13,  1892. 

Commander  Wm.  M.  Folger,  Chief  of  the  Bureau  of 
Ordnance,  Navy  Department,  having  requested  that  the 
Franklin  Institute  be  represented  at  these  trials,  the  author 
had  the  honor  of  being  selected  as  its  delegate. 

He  was  present  at  the  first  two  series,  but  owing  to  the 
date  of  the  third  having  been  decided  upon  somewhat 
unexpectedly,  he  was  unable  to  attend.  The  results  of  the 
third  series  were,  however,  of  comparatively  little  interest, 
being  more  or  less  of  a  repetition  of  those  of  the  first  and 
second  series. 

It  was  the  intention  of  the  Navy  Department  to  test 
three  plates  of  different  composition  at  each  of  the  three 
series,  making  a  total  of  nine  plates,  all  substantially  of  the 
same  dimensions  and  weight. 

This  plan,  however,  was  only  carried  out  in  the  first  and 
second  series,  as  but  two  plates  of  somewhat  irregular 
dimensions  were  tested  at  the  third  series. 

For  this  reason  the  author  will  confine  his  remarks  about 
these  tests  chiefly  to  the  first  two  series,  and  for  the  sake 
of  greater  accuracy  draw  more  of  the  details  from  the 
official  report  than  from  his  own  notes."^ 

•      "^  — - — _ — . . 

*  The  photographs  which  are  used  to  illustrate  these  trials  are  those  taken 
by  the  Board  ;  the  author  is  indebted  to  Commander  Folger  for  the  loan  of 
the  same,  and  also  to  the  United  States  Naval  Institute,  and  to  the  publishers 
0/  the  Iron  Age  for  a  number  of  the  others. 
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The  size  of  each  plate  was  8x6  feet  x  10-5  inches  and  it  was  fastened  to 
the  backing  by  twelve  bolts  236  inches  in  diameter,  giving  a  total  boll 
cross-section  of  52*29  square  inches.     Further  details  are — * 


Character   op  Plate. 


Maker. 


High-carbon  nickel-steel,     .    .    .  T;-:    r'     ti  T-    ni       ;      ,    y 

Low-carbon  nickcl-siecl .. 

L         ■-^■--    ,-     'Harvey, l.cui.ciicin  Ir^ii  v,uiri|..iiij  . 

W  cl-steel, Carnegie,  Phipps  &  Co., 

L  r    1-steel,  Harvey,      .    .    .  Carnrgie,  Phipps  it  Co  , 

High-carbon  nickel-steel,  Harvc^',    .    .    .  Bethlehem  Iron  Company, 


Weight. 

Total  Bolt 
Cro«v-sec- 
t  i  0  n    p«r 
Ton     0  1 
Plate 

pounds. 

ao,4y4 
20,844 

571 
5-6a 

20,683 

57« 
569 

5-66 

The  targets  were  set  up  so  that  the  faces  of  the  plate  were  on  the  chords 
of  a  circle  whose  centre  was  the  gun's  pivot  and  whose  radius  was  73 
feet  5  inches.  The  muzzle  of  the  six-inch  B.  L.  R.  was  consequently 
57"  5  feet  and  the  eight-inch  B.  L.  R.  55$  feet  from  the  face  of  the  plate  when 
the  gun  was  pointed  at  its  centre,  the  axis  of  the  gun  being  then  perpen- 
dicular to  the  plane  of  the  plate. 

The  backing  was  constructed  in  accordance  with  the  drawings  furnished 
by  the  Bureau  of  Ordnance,  except  that,  on  account  of  the  length  of  the 
armor  bolts,  on  the  first  day  wooden  and  on  the  second  iron  washers  were 
used  under  the  cup  washers  of  these  bolts.  During  the  first  day's  firing 
some  of  the  wooden  washers  were  split  and  somewhat  compressed  and  the 
armor-plate  bolt  nuts  were  in  some  cases  tightened  between  the  shots. 

The  surfaces  of  the  plates  were  as  they  came  from  the  makers  and  were 
free  from  paint. 

The  gun  was  mounted  on  a  solid  platform  and  protected  overhead  by  a 
shed  of  heavy  timbers,  and  in  front  by  ;i  bank  of  earth,  with  sand-bags 
around  the  chase. 

The  guns  were  pointed  by  means  of  cross-hair  sights  in  the  bore,  and 
were  tired  by  friction  primers  with  a  long  lanyard  leading  to  the  bomb-proof 
near  the  gun,  18  feet  distant. 

In  this  report  "  front,"  when  applied  to  the  plate  or  to  fragments  thrown 
therefrom,  will  mean  the  direction  from  the  plate  towards  the  gun.  The 
swellings  of  the  plate  caused  by  the  projectile  will  be  called  the  "front  bulge" 
and  ihe  "  back  bulge.''  "  Right  "  and  "  left  "  will  be  taken  a-*  the  right  or 
left-hand  of  a  person  facing  the  front  of  the  plate.  "  Perforation  "  will  indi- 
cate that  the  hole  through  the  plate  is  in  its  entire  length,  as  great  or  greater 
than  the  maximum  diameter  of  the  projectile. 

BALLISTIC  DETAIL.S. 
Six-tnch  D.  L.  R. 

Gun. — Six-inch  B.  L.  R.  of  forty  calibre:  .Mark  iii.     No.  1:0. 
Charge. — 42*4  pounds  Du  Font's  brown  prismatic  powder. 


*  The  details  in  small  type  are  from  the  official  report  of  the  Board,  thoM  b  Urge  typ*. 
author's  notes.  F 
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ProJectile.—S\x-\nch  armor-piercing  shell,  manufactured  by  Jacob  Holtzer 
.&  Co.,  Unieux,  France,  brought  up  to  the  standard  weight  of  loo  pounds  by 
iilling  A'ith  sand  and  small  fragments  of  iron. 

Striking  velocity,  determined  by  previous  firings,  fcot-seconds, 2,075 

Striking  energy',  foot-tons, 2,989 

Striking  energy'  per  ton  of  plate,  about  (foot-tons), S^S 

Elevation  for  upper  corners, +  i    44 

Elevation  of  lower  corners, ^24 

Carriage.— CtTAx2i\  pivot,  Mark  iv.     No.  93. 

Eight-inch  B.  L.  R. 

6^;/;;.— Eight-inch  B.  L.  R.  of  thirty-five  calibres,  Mark  iii.     No.  18. 

Charge,— "j^"^  pounds  Du  Font's  brown  prismatic  powder. 

Projectile. — Eight-inch  Firminy  armor-piercing  shell,  manufactured  by 
T.  Firth  &  Sons,  Sheffield,  England,  brought  up  to  the  standard  weight  of 
210  pounds  by  filling  with  sand  and  small  fragments  of  iron. 

Striking  velocity,  determined  by  previous  firings,  foot-seconds, i>S5o 

Striking  energy,  foot-tons, 4,989 

Striking  energy  per  ton  of  plate,  about  (foot-tons), 543 

When  the  Carpenter  projectile  was  used  : 

Charge. — 72* 5  pounds  of  Du  Font's  brown  prismatic  powder. 

Projectile. — Eight-inch  armor-piercing  shell,  manufactured  by  the  Car- 
penter Steel  Company,  Reading,  Pa.,  brought  up  to  the  standard  weight  of 
250  pounds  by  filling  with  sand  and  small  fragments  of  iron. 

Striking  velocity,  fjot-seconds, 1,700 

Striking  energy,  foot-ions,       5,008 

Striking  energy,  per  ton  of  plate,  about  (foot-tons), 545 

Carriage. — Central  pivot,  Mark  iv.     No.   15. 

The  total  striking  energy  of  the  five  projectiles  was  16,940  foot-tons,  equal 
to  about  1,845  foot-tons  per  ton   of  plate. 

FIRST    DAY,    OCTOBER  3I,    189I. 

Weather  clear  ;  thermometer  at  9  A.  M.,  52°  F.;  at  2  P.  M.,  70°  F. 

Round  I. 

First  shot  at  Bethlehem  Iron  Company's  high-carbon  nickel-steel  plate. 
Time.  8:48:45  A.  M. 

Gun. — Six-inch  B.  L.  R. 

The  point  of  impact  was  24  inches  from  the  top  and  24  inches  from  the 
left  side  of  the  plate. 

The  projectile  entered  the  plate  and  rebounded  to  the  front  31  feet  10 
inches,  and  ricocheted  19  feet  2  inches  beyond.  The  projectile  was 
unbroken,  and  was  shortened  o'o6  ;  expanded  at  bourrelet  o'oi,  at  body  0'03, 
at  base  000, 

The  penetration  of  the  point  was  I3'25  inches. 

A  bulge  was  formed  on  the  face  of  the  plate  i6"5  inches  in  diameter, 
with  a  regular  and  curling  fringe  of  metal  about  the  hole  175  inches  high, 
and  radial  hair  cracks  in  the  bulge  4*5  inches  and  25  inches  long. 
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The  bulge  on  the  back  of  the  plate  was  165  inches  in  diameter,  about 
the  hole  175  inches  wide  ;  opposite  the  point  of  the  projectile,  from  which  a 
star  of  cracks  opened  out.  A  piece  of  metal  about  one-third  the  bulge  was 
scaled  off  the  back  of  the  plate. 

The  indent  in  the  backing  corresponded  in  shape  to  the  back  bulge  and 
was  II  inches  in  diameter  and  175  inches  deep. 

The  head  of  one  of  the  side  plate  bolts  was  broken. 

(See  Figs.  S,  g  and  14.) 

A  through  crack  was  subsequently  developed  at  this 
point.  The  penetration  was  somewhat  less  than  the  first 
shot  at  the  Creusot  nickel-steel  plate  of  the  Annapolis  trials 
in  1890. 

Round  2, 

First  shot  at  Carnegie,  Phipps  &  Co.'s  low-carbon  nickel-steel  plate. 
Time.  8:56  A.  M. 

Gun — Six-inch  B.  L.  R. 

The  point  of  impact  was  24  inches  from  the  top  and  24  inches  from  the 
left  side  of  the  plate. 

The  projectile  entered  and  remained  in  the  plate  apparently  intact,  with 
its  base  975  inches  inside  the  face  of  the  plate. 

The  estimated  penetration  of  the  point  was  26"53  inches. 

A  bulge  was  formed  on  the  face  of  the  plate  18*5  inches  in  diameter,  with 
a  regular  and  curling  fringe  of  metal  about  the  hole  175  inches  high. 

No  cracks. 

When  the  plate  was  removed  from  the  backing  the  projectile  remained 
in  the  latter,  with  its  base  r5  inches  from  the  normal  surface  thereof. 

The  bulge  on  the  back  of  the  plate  was  16*5  inches  in  diameter,  and  487 
inches  high  about  the  hole  through  which  the  projectile  passed. 

The  indent  in  the  backing  corresponded  in  shape  to  the  bulge,  and  wai 
II  inches  in  diameter  and  4  inches  deep.  Two  small  pieces  of  the  plate 
adhered  to  the  backing.     One  of  the  side  plate  bolts  was  loosened. 

(See  Figs.  10,  11  and  14.) 

A  thorough  crack  was  subseqtiently  developed  at  this 
point. 

Round  J. 

First  shot  at  Bethlehjiu  Iron  Company's  low-carbon  slee!  H-irvey  plate. 
Time,  9:9:50  A.  M. 

Gun — Six-inch  H.  L.  K. 

The  point  of  impact  was  24  inches  from  the  lop  and  24  'nrhes  from  the 
left  side  of  the  pl.iie. 

The  projectile  entered  and  broke  up  ;  the  head  split  into  twelve  piece* 
with  a  very  jagged  fracture  and  remained  in  the  plate,  and  the  ba»€  wai 
broken  into  small  pieces,  one  of  the  larger  of  which  being  found  100  yards 
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to  the  front.     The  front  end  of  the  charge  chamber  was  275  inches  inside 
the  face  of  the  plate. 

The  estimated  penetration  of  the  point  was  lo'o/  inches. 

A  bulge  was  formed  on  the  face  of  the  plate,  19  inches  in  diameter,  with 
a  maximum  height  about  the  hole  of  075  inch.  There  was  no  curling 
fringe,  but  the  metal  about  the  hole  chipped  off. 

The  bulge  on  the  back  of  the  plate  was  16  inches  in  diameter  and  2 
inches  high,  with  a  star  of  cracks  opening  from  the  point  of  the  projectile. 

The  backing  showed  a  slight  depression,  corresponding  in  shape  to  the 
bulge,  12  inches  in  diameter  and  r5  inches  deep. 

Two  of  the  side  plate  bolts  were  loosened. 

(See  Figs  12,  ij  and  14.) 

Round  4. 

Second  shot  at  Bethlehem  Iron  Company's  high-carbon  nickel-steel 
plate.     Time,  9:20:28  A.  M. 

Gun. — Six-inch  B.  L.  R. 

The  point  of  impact  was  22-5  inches  from  the  top  and  24  inches  from  the 
right  side  of  the  plate. 

The  projectile  entered  and  broke  into  several  pieces,  the  head  with  a 
jagged  fracture  and  split  into  three  equal  pieces  remaining  in  the  plate. 
The  front  end  of  the  chamber  was  275  inches  inside  the  face  of  the  plate. 

The  estimated  penetration  of  the  point  was  10*07  inches. 

A  bulge  was  formed  on  the  face  of  the  plate  18-5  inches  in  diameter  with 
a  regular  and  curling  fringe  about  the  hole  175  inches  high.  Three  short 
surface  radial  cracks  were  developed  in  the  bulge,  2  inches,  2-5  inches  and 
275  inches  long. 

The  bulge  on  the  back  of  the  plate  was  17  inches  in  diameter,  and  2*  12 
inches  high  ;  about  the  hole  one  inch  wide,  which  opened  out  with  a  star  of 
cracks  from  the  point  of  the  projectile. 

The  indent  in  the  backing  corresponded  in  shape  to  the  back  bulge  and 
was  II  inches  in  diameter  and  1-37  inclfes  deep. 

One  of  the  side  plate  bolts  was  loosened.  The  top  of  the  plate  was 
separated  from  the  backing  0-5  inch. 

(See  Figs.  8,  q  and  14.) 

Round  J". 

Second  shot  at  Carnegie,  Phipps  &  Co.'s  low-carbon  nickel-steel  plate. 
Time,  9:31:45  A.  M. 
Gun. — Six-inch  B.  L.  R 

The  point  of  impact  was  24  inches  from  the  top  and  24  inches  from  the 
right  side  of  the  plate. 

The  projectile  entered  and  remained  in  the  plate,  broken  into  two  pieces, 
with  its  base  9  inches  beyond  the  surface  of  the  plate. 

The  estimated  penetration  of  the  point  was  26-32  inches. 

A  bulge  was  formed  on  the  face  of  the  plate  1875  inches  in  diameter, 
with  a  regular  and  curling  fringe  about  the  hole  175  inches  high. 

No  cracks. 
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Fig.  15. — High-carbon  nickel  steel,  Carnegie.  Fig. 


'  '<■■  v-High-carbon  nickel  steel,  IJelhleh. 


I 


(back). 


Fig.  16. — High-carbon  nickel  steel.  Carneg 


Fig.  i! 


Fig.  II.— Low-carbon  nickel  steel,  Carnegie  (back).  Fig.  13.— Harvey  loiv-carbon  steel,  Bethlehem  (back). 
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Fig.  15.— High-carbon  nickel  steel,  Carnegie.  Fig.  17.— Harvey  low-carbon  nickel  steel,  C.unegie  (face).  Fig.  19.— Harvey  high  carbon  nickel  steel.  Bethlehe 


eiem(  ac -).  Ik,.  1...     High-carbon  nickel  steel,  Carnegie.  Fig.  iS.— Harvey  low-carbon  nickel  steel,  Carnegie  (b.ack).  Fig.  20— Harvey  high-carbon  nickel  steel,  Bethlehem. 
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When  the  plate  was  removed  from  tlie  backing  the  projectile  was  found 
broken  at  the  rotation  band,  the  head  sticking  in  the  backing?  and  the  bise 
in  the  plate. 

The  bulge  in  the  back  of  the  plate  was  17  inches  in  diameter  and  45 
inches  high. 

The  indent  in  the  backing  corresponded  in  shape  to  the  back  bulge, 
was  I  [  inches  in  diameter  and  4  inches  deep.  Two  small  fragments  of  the 
plate  adhered  to  the  backing. 

The  upper  part  of  the  plate  was  sprung  away  from  the  backing  05  inch. 

(See  Fijij^s   10,  //and  14) 

Round  6. 

Second  shot  at  Bethlehem  Iron  Compiny's  low-carbon  steel  Harvey 
plate.     Time,  9  14 1:20  A.  M. 

Ciu/i  — Six-inch  B.  L.  R. 

The  pomt  of  impact  w  15  24  inches  from  the  top  and  24  inches  from  the 
right  side  of  the  plate. 

The  projectile  entered  and  broke  up,  the  head  with  a  very  j  ig^ed 
fracture  remained  in  the  plate.  The  body  of  the  shell  broke  into  many 
fragments.  The  front  end  of  the  charge  chamber  was  237  inches  inside  the 
face  cf  the  plate. 

The  estimated  penetration  of  the  point  was  9*7  inches. 

A  bulge  was  formed  on  the  face  of  the  plate  18  inches  in  diameter  with  a 
maximum  height  about  the  hole  of  one  inch.  There  was  no  curling  fringe, 
but  the  metal  about  the  hole  was  chipped  otT.  A  crack  probed  5  inches 
deep,  but  was  i)robably  through,  and  extended  from  the  hole  to  the  right 
side  of  the  plate  1837  inches  from  the  top. 

The  bulge  on  the  back  of  the  plate  was  18  inches  in  diameter  and  1  62 
inches  hij;;h  with  a  star  of  cracks  opening  out  from  the  point  of  the  projectile. 

The  indent  in  the  bicking  corresponded  in  shape  to  the  back  bulge  and 
was  12  inches  in  diame'er  and  one  inch  deep. 

Several  of  the  side  plate  bolts  were  started  and  loosened  and  the  up|>er 
left  corner  of  the  plate  was  sprung  away  from  the  backing  025  inch. 

(See  J'Xks.  12,  ij  and  /./.) 

A  crack  formed  from  point  of  impact  to  right  hand  edge 
which   subsequently  developed   into  a   large  throui^'-h  crack. 

Round  7 

Third  shot  at  liMhlehcm  iron  Company's  high-carbon  nickel-steel  plate. 
Time,  9:53:20  A.  M. 

Gun. — Six-inch  B.  L.  R. 

The  point  of  the  imp.ict  was  24  inches  from  the  bottom  and  24  inches 
from  the  lefc  side  of  the  plate. 

The   projectile  entered  and  rebounded  unbroken   10  the  front    15  feet, 
ricocheted  10  feet    6   inches  farther,  striking  an  oak  timber  and  rebounded 
7  feet.     It   was    shortened    006    inch,  cxp.mdcd   at   b.jurrclcl  002   mch,  at 
body  0'035  inch,  at  base  o*o  mch. 
Vol   CXXXIII.  28 
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The  projectile  was  shortened  01 1  inch  and  expanded  at  the  bourrclct  003 
inch,  at  the  body  008  inch,  and  at  the  base  0*02  inch. 

The  penetration  of  the  point  was  1 1*87  inches. 

A  bulge  was  formed  on  the  face  of  the  plate  18  inches  in  diameter  with  a 
curling  fringe  about  the  hole,  partly  chipped  off,  1*87  inches  high,  and  several 
radial  hair  cracks  in  the  bulge  not  over  3  inches  long. 

One  through  crack  extended  from  this  through  No.  3  hole  to  the  side  of 
the  plate,  355  inches  from  the  left  lower  corner,  and  the  one  mentioned  in 
round  7  was  slightly  opened. 

The  bulge  on  the  back  of  the  plate  was  20  inches  in  diameter  and  2*87 
inches  high  around  the  hole,  265  inches  wide,  opening  out  with  a  star  of 
cracks  from  the  point  of  the  projectile. 

The  indent  in  the  backing  corresponded  in  shape  to  the  back  bulge  and 
was  1 1  inches  in  diameter  and  2  inches  deep,  with  a  small  fragment  of  the 
plate  sticking  therein. 

Both  of  the  lugs  of  the  bottom  clamp  holding  the  side  plates  were  cracked. 

(See  Figs,  /j,  16  andi*.?.) 

Round  II. 

Fourth  shot  at  Carnegie,  Phipps  &  Co.'s  low-carbon  nickel-steel  Harvey 
plate.     Time,  10:23:17  A.  M. 

Gun. — Six-inch  li.  L.  R. 

The  point  of  impact  was  24  inches  from  the  bottom  and  24  inches  from 
the  right  side  of  the  plate. 

The  projectile  entered  and  remained  apparently  intact  in  the  plate,  with 
the  base  3*3  inches  inside  the  face. 

The  penetration  of  the  projectile  was  20*5  inches. 

A  bulge  was  formed  on  the  face  of  the  plate  i6"5  inches  in  diameter,  with 
a  broken  curling  fringe  about  the  hole  2  inches  high  and  a  few  radial  hair 
cracks  in  the  bulge  about  3  inches  in  length. 

The  bulge  on  the  back  of  the  plate  was  18  inches  in  diameter  and  4'62 
inches  high  about  the  projectile,  with  a  star  of  cracks  extending  therefrom. 

The  indent  on  the  backing  was  a  jagged  hole  12  inches  in  diameter  corre- 
sponding to  the  back  bulge,  with  the  imprint  of  the  jxjint  of  the  projectile 
10  inches  deep  and  two  small  fragments  of  the  plate  sticking  therein. 

(See  Figs,  ij,  iS  and  .'_'.) 

Round  12. 

Fourth  shot  at  Hethlehem  Iron  Company's  high-carbon  nickel-steel  plate. 
Time,  10:30:12  A.  M. 

Gun. — Six-inch  B.  L.  R. 

The  point  of  impact  was  24  inches  from  the  bottom  and  24  inches 
from  the  right  side  of  the  plate. 

The  point  of  the  projectile  entered  and  remained  in  the  plate.  pre»cntmg 
an  appearance  of  being  welded  therein,  the  end  of  the  chamber  V 
the  face  of  the  plate.     The  base  and  body  of  the   projectile  \n  ere 
many  small  fragments. 

The  estimated  penetration  of  the  point  wai  7*32  inches. 
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A  bulge  was  formed  on  the  face  of  the  plate  n75  inches  in  diameter. 
Near  the  head  of  the  projectile  the  mstal  of  the  plats  was  dished  in  and 
scarcely  distinguishable  from  that  of  the  projectile  remaining  in  the  plate.  A 
few  radial  hair  cracks  were  m  the  bulge,  of  varying  lengths,  none  over  6 
inches,  and  a  few  pieces  of  metal  were  scaled  off  in  the  bulge. 

The  bulge  on  the  back  of  the  plate  was  nearly  imperceptible,  but  was 
found  to  be  17  inches  in  diameter  and  0-31  inch  high. 

No  cracks. 


Fig.  21. — Harvey  high-carbon  nickel-steel,  Bethlehem. 

There  was  a  discoloration  of  the  backin,'  opposite  the  back  bulge,  but  no 
indent. 

(See  Figs,  iq,  20,  21  and  i'i'.)  •. 

Roimd  ij. 

Fifth    shot  at  Carnegie,  Phipps  &  Co.'s  high-carbon    nickel-steel   plate. 
Time,   129:48  P.  M. 

Gun. — Eight-inch  B.  L.  R. 

Projectile. — Kight-inch  Carpenter  armor-piercing  shell  of  250  pounds. 

The  point  of  impact  wis  the  centre  of  the  plate. 

The  projectile  entered  and  rebounded  6  feet  3   inches  to  the  front,    very 
much  set   up  and  cracked.     The   cracks    were  generally  longitudinal,   and 
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The  penetration  of  the  point  was  1275  inches. 

A  bulge  was  formed  on  the  face  of  the  plate  1675  inches  in  diameter,  with 
a  regular  and  curling  fringe  175  inches  high  around  the  hole,  with  three 
radial  hair  cracks  in  the  bulge,  each  3  inches  long. 

The  bulge  on  the  back  of  the  plate  was  15  inches  in  diameter  and  275 
inches  high,  about  the  hole  0-5  inch  wide,  which  opened  out  with  a  star  of 
cracks  from  the  point  of  the  projectile. 

The  indent  in  the  backing  corresponded  in  shape  to  the  back  bulge,  and 
was  II  inches  in  diameter  and  2  inches  deep. 

Several  bolts  of  the  side  plates  were  started  and  loosened. 

The  top  of  the  plate  was  sprung  from  the  backing  075  inch. 

(See  Fii[s,  S,  g  and  14.) 

Round  S. 

Third  shot  at  Carnegie,  Phipps  &  Co.'s  low-carbon  nickel-steel  plate. 
Time,  10:2:32  A.  M. 

Gun. — Six-inch  B.  L,  R. 

The  point  of  impact  was  24  inches  from  the  bottom  and  24  inches  from 
the  left  side  of  the  plate. 

The  projectile  entered  and  remained  in  the  plate  apparently  intact.  The 
base  plug  could  be  turned  while  the  projectile  was  warm,  but  when  cold  was 
set  fast.  The  base  of  the  projectile  projected  2*69  inches  from  the  face  of 
the  plate. 

The  estimated  penetration  of  the  point  was  146  inches. 

A  bulge  was  formed  on  the  face  of  the  plate  i6'5  inches  in  diameter,  with 
a  regular  and  curling  fringe  about  the  hole  144  inches  high. 

No  cracks. 

The  bulge  on  the  back  of  the  plate  was  17  inches  in  diameter  and  42$ 
inches  high,  about  the  hole  2  inches  wide  which  opened  out  with  a  star  of 
cracks  from  the  point  of  the  projectile. 

The  indent  in  the  backing  corresponded  in  shape  to  the  back  bulge  and 
was  II  inches  in  diameter  and  275  inches  deep. 

The  top  of  the  plate  was  sprung  075  inch  away  from  the  backing. 

(See  Fii^s.  jo,  11  and  14!) 

Round  g. 

Third  shot  at  Bethlehem  Iron  Company's  low-carbon  steel  H-irvcy  plalc. 
Time.  10:10:45  A.  M. 

(/////. — Six-inch  B.  L.  K. 

The  point  of  impact  was  24  inches  from  the  bottom  and  24  inches  from 
the  left  side  of  the  pl.ite. 

The  projectile  entered  and  remained  apparentlv  Int.ir  t  in  the  pl.iir  the 
base  968  inches  inside  the  face. 

The  estimated  penetration  of  the  point  was  2696. 

A  bulge  was  formed  on  the  face  of  the  pl.ite  i^):;  inches  in   '  •^ 

a  fringe  about  the  hole  13  inches  high,  part  of  whu  h  w.is  . 
numerous  radial  hair  cracks  in  the  bulge  not  over  3  inches  long. 
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The  bulge  on  the  back  of  the  plate  was  18  inches  in  diameter  and  3*5 
inches  high  about  the  hole  through  which  the  projectile  had  passed. 

A  crack  extended  from  the  hole  to  the  bottom  of  the  plate  24  inches 
from  the  left  side,  which  probed  2-37  inches  deep.  The  crack  noted  in 
No.  2  shot  on  this  plate  opened  slightly  and  a  surface  crack  developed 
upwards  from  No.  2  hole  towards  the  top  of  the  plate. 

The  indent  in  the  backing  corresponded  in  shape  to  the  back  bulge  and 
was  12  inches  in  diameter  and  25  mches  deep.  The  projectile  remained  in 
the  backing,  its  base  projecting  1-5  inches  from  the  surface. 

The  lugs  of  the  wrought-iron  clamp  which  held  the  bottom  of  the  side 
plates  were  bent  outwards  and  the  right  one  cracked,  showing  that  the  side 
plates  had  been  forced  outward  at  the  moment  of  firing. 

(See  Figs.  12,  ij  and  14.) 

Round  10. 

Fourth  shot  at  Bethlehem  Iron  Company's  high-carbon  nickel-steel  plate. 
Time,  10:18:52  A.  M. 

Gun. — Six-inch  B.  L.  R.    . 

The  point  of  impact  was  24  inches  from  the  bottom  and  24  inches  from 
the  right  side  of  the  plate. 

The  projectile  entered,  broke  into  several  pieces  and  rebounded,  the  head 
being  found  21  feet  to  the  front. 

The  penetration  of  the  point  was  1037  inches. 

The  bulge  was  formed  on  the  face  of  the  plate  I7'25  inches  in  diameter, 
with  a  regular  and  curling  fringe  about  the  hole  1*87  inches  high,  and  two 
radial  hair  cracks  in  the  bulge  3  and  4  inches  long. 

The  bulge  on  the  back  of  the  plate  was  15  inches  in  diameter  and  1*62 
inches  high,  with  a  slight  crack  from  the  point  of  the  projectile. 

The  indent  in  the  backing  corresponded  in  shape  to  the  back  bulge  and 
was  10  inches  in  diameter  and  one  inch  deep. 

The  side  plate  bolts  were  started  and  the  upper  part  of  the  plate  was  0*75 

inch  away  from  the  backing. 

(See  Figs,  8,  g  and  14.) 

Round  II. 

Fourth  shot  at  Carnegie,  Phipps  &  Co.'s  low-carbon  nickel-steel  plate. 
Time,  10:26:55  A.  M. 

Gvn. — Six-inch  B.  L.  R. 

The  point  of  impact  was  24  inches  from  the  bottom  and  24  inches  from 
the  right  side  of  the  plate. 

The  projectile  entered,  broke  into  several  pieces,  and  rebounded,  the 
head  and  a  portion  of  the  body  in  one  piece  being  found  29  feet  6 
inches  to  the  front  and  25  feet  to  the  right.  The  head  parted  from  the 
body  at  the  bourrelet  for  about  300°  with  a  single  piece  of  the  body  about  4 
inches  long  adhering  thereto. 

The  penetration  of  the  point  was  13*19  inches. 

The  bulge  was  formed  on  the  face  of  the  plate  I7'5  inches  in  diameter^ 
with  a  regular  and  curling  fringe  about  the  hole  1*75  inches  high. 
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No  cracks. 

The  bulge  on  the  back  of  the  plate  was  18  inches  in  diameter  and  2-87 
inches  high  about  the  hole  2  inches  wide,  which  opened  out  with  a  star  of 
cracks  from  the  point  of  the  projectile. 

The  indent  in  the  backing  corresponded  in  shipe  to  the  ba^k  bulge  and 
was  1 1  inches  in  diameter  and  25  inches  deep,  with  a  small  fragment  of  the 
plate  sticking  therein.  The  course  of  backing  next  to  the  plate  was  spli' 
between  No.  3  and  No.  4  hole. 

(See  Figs.  10,  11  and  14.) 

Koinui   12. 

Fourth  shot  at  Bethlehem  Iron  Company's  low-carbon  steel  Harvey  plate. 
Time,  :o:36:5o  A,  M. 

Gun. — Six-inch  B.   L.   R. 

The  point  of  impact  was  24  inches  from  the  bottom  and  24  inches  from  the 
right  side  of  the  plate. 

The  projectile  entered  and  remained  in  the  plate  very  much  set  up,  the 
base  projecting  6*37  inches  from  the  face  of  the  plate.  The  projectile  near 
the  bourrelet  was  expanded  one  inch,  and  there  were  two  longitudinal  cracks 
in  the  body  ;  the  base  plug  could  be  easily  turned. 

The  estimated  penetration  of  the  point  was  10  inches. 

A  bulge  was  formed  on  the  face  of  the  plate  16  25  inches  in  diameter  and 
r5  inches  high,  much  of  the  metal  about  the  hole  being  chipped  off. 

A  crack  extended  from  No.  3  hole  to  the  bottom  of  the  plate  375  inches 
from  the  right  side,  which  probed  from  3  to  4'5  inches  deep.  \  second 
crack  extended  from  No.  4  hole  vertically  downwards  and  joined  the  last. 
Small  surface  cracks  15  inches  long  developed  from  hole  No.  3. 

The  bulge  on  the  back  of  the  plate  was  16  inches  in  diameter  and  2  inches 
high  with  a  star  or  cracks  opening  out  from  the  point  of  the  j)rojeciile. 

The  indent  of  the  backing  correspcmded  in  shape  to  the  back  bulge,  and 
was  12  inches  in  diameter  and  one  inch  deep. 

(See  Fii^s.  12,  ij  and  14.) 

Round  J  J. 

Fifth  shot  at  Bethlehem  Iron  Company's  high-carbon  nickel-steel  plate. 
Time,   1:27   v.  M. 

Gun. — Kight-inch  B.  L.  K. 

Projiitili . — Firminy  armor-piercing  shell  of  210  pounds.  The  point  of 
impact  was  the  centre  of  the  plate.  The  projectile  entered  the  plate  and 
rebounded  apparently  intact  25  feet  to  the  front,  struck  an  oak  timber,  then 
ricocheted  29  feet  farther,  sinking  bank  and  rebounded  8  feet.  It  was 
shortened  012  inch,  expanded  at  bourrelet  o'oo  inch,  at  body  o'o6  inch,  at 
base  001  inch. 

The  penetration  of  the  point  of  the  projectile  was  16*5  inches. 

A  bulge  was  formed  on  the  face  of  the  plate  2075  inches  in  diameter. 
with  a  regular  and  curling  fringe  around  hole  2"  1 2  inches  high.  A  wide 
cra^k  radiated  from  this  by  No.  i  hole  to  the  top  of  the  plate  12*25  inches 
from  the  left-side,  another  through    No.   3  hole  to  the  boliom  of  the  pUie 
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io*i2  inches  from  its  left  side,  and  another  to  the  No.  2  hole,  all  of  which 
extended  through  the  plate. 

The  bulge  on  the  back  of  the  plate  was  22  inches  in  diameter  and  5'5 
inches  high  about  the  ragged  hole  4*5  inches  wide,  made  by  the  point  of  the 
projectile. 

The  indent  in  the  backing  corresponded  in  shape  to  the  back  bulge  and 
was  15  inches  in  diameter  and  4  inches  deep,  with  the  imprint  of  the  point 
of  the  projectile  sharply  defined,  5*62  inches  deep. 

The  entire  target  structure  was  set  back  about  an  inch,  the  bolts  of  the 
side  plates  loosened  and  one  of  the  backing  bolts  set  back  4'5  inches.  The 
top  of  the  plate  was  sprung  away  from  the  backing  o  87  inch. 

When  the  plate  was  removed  from  the  backing  it  held  together  and  all 
the  armor  bolts  but  three  were  easily  unscrewed. 

(See  Figs.  8,  g  and  14^ 

A  comparison  with  the  Creusot  nickel-steel  plate  tested 
at  Annapolis  in  1890  is  interesting  at  this  point. "^ 

By  comparing  Figs.  6  and  7  and  Figs.  8,  g  and  14.,  it  will 
be  observed  that  while  the  Creusot  plate  developed  no  cracks, 
the  bulges  at  the  back  were  much  larger,  the  point  of  the 
eight-inch  projectile  passing  entirely  through  the  body, 
lodging  in  the  plate.  {Plate  I.)  On  the  other  hand  the  Bethle- 
hem plate,  although  developing  a  bad  through  crack,  showed 
more  resistance  and  a  remarkable  amount  of  elasticity. 

Round  14. 

Fifth  shot  at  Carnegie,  Phipps  &  Co.'s  low-carbon  nickel-steel  plate. 
Time,  1:38:20  P.  M. 

Gun. — Eight-inch  B.  L.  R. 

Projectile. — Firminy  armor-piercing  shell  of  210  pounds. 

The  point  of  impact  was  the  centre  of  the  plate, 

The  projectile  entered  and  remained  in  the  plate  apparently  intact,  with 
its  base  0*87  inch  inside  the   face  of  the  plate. 

The  estimated  penetration  of  the  point  was  22*08  inches. 

A  bulge  was  formed  on  the  face  of  the  plate  21  inches  in  diameter,  with 
a  regular  and  curling  fringe  about  the  hole  1*87  inches  high. 

A  through  crack  extended  from  this  to  No.  i  hole  and  thence  to  the  top 
of  the  plate  io'5  inches  from  the  left  side. 

The  back  of  the  plate  showed,  in  addition,  a  through  crack  from  No.  5 
through  No.  4  hole  to  the  bottom  of  the  plate,  and  a  very  fine  crack,  not 
through,  from  No.  5  through  No.  2  hole  to  the  upper  edge  of  the  plate  11 
inches  from  the  right  corner. 

•  The  dimensions  of  this  plate  were  exactly  the  same  as  those  under  consideration,  viz  :  8  x  6 
feet  X  \o%  inches. 
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The  bulge  on  the  back  of  the  plate  was  24  inches  in  diameter  and  65 
inches  high  about  the  projectile. 

The  indent  in  the  backing  corresponded  in  shape  to  the  back  bulge,  was 
14  inches;  in  diameter,  and  the  imprint  of  the  point  of  the  projectile  was 
1075  inches  deep. 

Five  of  the  backing  and  one  of  the  armor  bolts  were  started. 

When  the  plate  was  removed  from  the  backing  it  held  together  and  all 
the  armor  bolts  but  two  were  easily  unscrewed. 

(See  I-ii^s.  10,  //and  14.) 

It  will  be  noticed  that  the  resistance  of  the  upper  part  of 
this  plate  is  much  less  (about  half)^  than  the  middle  and 
lower  parts.  The  probable  causes  of  this  peculiarity  will  be 
discussed  further  on. 

Round  /J. 

Fifth  shot  at  Bethlehem  Iron  Company's  low-carbon  ^teel  Harvey  plate. 
Time,  1:46  F.  M. 

Gun. —  Eight-inch  B.  L.  R. 

jyojectilt'. — Firminy  armor-piercing  shell  of  210  pounds. 

The  point  of  impact  was  the  centre  of  the  plate. 

The  projectile  perforated  the  j)late  and  remained,  apparently  intact,  in 
the  backing,  the  base  2225  inches  inside  the  face  of  the  plate. 

The  estimated  penetration  of  the  point  was  43'48  inches. 

A  buL'e  was  formed  on  the  face  of  the  plate  22' 5  inches  in  diameter  and 
125  inches  high  ;  the  metal  about  the  hole  was  chipped  off. 

A  through  crack  reached  from  No.  2  to  No.  3,  passing  through  No.  5  hole, 
and  all  the  previous  cracks  widened  and  some  were  much  extended. 

The  bulge  on  the  back  of  the  plate  was  24  inches  in  diameter  and  837 
inches  about  the  hole  through  which  the  projectile  had  passed.  The  back  of 
the  plate  showed  in  addition  the  following  cracks,  which  extended  partly 
through  the  plate  :  One  from  No.  5  to  No.  4  hole,  and  three  from  No.  i  hole, 
the  first  to  the  top  of  the  plate  I3"5  inches  from  the  left  side;  the  second  to 
the  left  side,  10  inches  from  the  top  ;  and  the  third  to  No.  5  hole. 

The  imprint  in  the  backing  corresponded  in  shape  to  the  back  bulge,  and 
was  15  inches  in  diameter.     The  projectile  remained  in  the  backing. 

The  backing  was  split  and  broken  through  in  wake  of  the  shot.  The 
side  plates  were  started  away  one  inch  at  the  lop,  and  several  of  the  backing- 
bolts  were  driven  back. 

When  the  plate  was  removed  from  the  backing  it  held  together,  and  t  -n 
of  the  armor-plate  bolts  could  not  be  unscrewed. 

(Sec  Ft'j^s.  12,  I  J  and  /./.) 

At  this  point  a  comparison  with  Fi^^.  5,  which  shows  the 
compound  Cammcll  plate  tested  at  Annapolis.  1890,  would 
be  of  interest. 
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In  the  case  of  the  compound  plate  we  have  a  hard  steel 
face  li'cldcd  to  a  wrought  iron  back  and  in  the  Bethlehem 
plate  a  hard  steel  face  produced  by  a  chemical  (cementation) 
treatment  of  the  face  of  a  solid  steel  plate.  The  properties 
of  the  two  plates  are  therefore  more  or  less  similar  inas- 
much as  each  has  a  hard  steel  face,  but  the  vast  superiority 
of  one  over  the  other  is  manifest.  All  the  projectiles /^t- 
foratcd  the  compound  plate,  whilst  none  but  the  eight-inch 
got  through  the  Bethlehem  plate. 

The  accompanying  table  shows  the  comparative  resistance 
of  the  four  nickel-steel  plates,  viz :  Creusot  (Schneider  &  Co.), 
Bethlehem,  the  loiv-carbon,  Carnegie,  Phipps  &  Co.,  and  the 
high-carbon,  Carnegie,  Phipps  &  Co.  The  terms  high-  and 
low-carbon  used  here  are  relative,  the  Creusot  plate  being 
considered,  the  author  believes,  a  high-carbon  plate.  The 
public  were  informed  that  "high-carbon"  meant  about  0*4 
per  cent.,  and  "low-carbon  "  0*25  per  cent.,  the  content  of 
nickel  varies  from  2  to  3"5  per  cent. 

The   low-carbon   plate    contained   about   half    as   much 

carbon  as  the  high-carbon  plate,  as  will  be  seen  from  the 

following  analysis  of  the  Carnegie,  Phipps  &  Co.  low-carbon 

plate : 

I.  II. 

Carbon ,    , =  0*26 

Phosphorous, =  0072  0071 

Manganese,      ==  o  789  — 

Silicon, :=  o'050  — 

Nickel, =  267  2-55 

Sulphur z=  0-013  — 

Specific  gravity —  7-822  — 

A  comparison  of  the  analysis  of  the  nickel-steel  deck 
plate  on  p.  427,  will  be  of  interest  at  this  point. 

It  must  be  understood  in  comparing  the  merits  of  the 
above  American  plates  that  these  trials  were  not  intended 
to  determine  which  of  the  two  steel  works  could  produce 
the  best  plate,  but  to  determine  w\i3.t  particular  kind  of  plate 
would  give  the  best  results  under  the  same  conditions. 
Neither  company,  the  author  understands,  is  an  advocate 
for  any  one  particular  kind  of  plate,  but  make  whatever  the 
Government   specify,  whether   it   be   high-   or    low-carbon 
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steel  or  nickel-steel,  Harvey  treated  or  Tresidder  treated, 
The  accompanying-  table  shows  the  Bethlehem  plate  to  have 
developed  more  resistance  than  the  Creusot  plate,  although 
the  latter  showed  no  cracks  at  the  end  of  the  trials.  The 
penetrations  and  back  bulges  were  as  regular  on  one  plate 
as  on  the  other,  showing  the  relative  resistance  of  the  dif- 
ferent parts  of  each  plate  to  have  been  fairly  uniform.  The 
Carnegie  plate  showed  unmistakable  evidences  of  a  compara- 
tive softness  at  the  top  where,  rather  strangely,  after  the 
fifth  shot  its  only  through  crack  was  developed. 

Another  point  in  favor  of  this  Bethlehem  plate  should  be 
taken  in  consideralion.  The  Bethlehem  Iron  Company  were 
not  only  inexperienced  in  the  manufacture  of  armor-ulates, 
but  these  Indian  Head  trials  were  much  more  severe  on  the 
plates  than  were  the  Annapolis  trials  of  1S90,  while  most 
of  the  conditions  were  the  same,  they  differed  in  one  very 
important  particular,  viz  :  the  interval  of  time  between  the 
firing  of  the  six-inch  and  the  eight-inch  shots.  It  is  well 
known  to  physicists  and  engineers  that  when  severe  strains 
have  been  set  up  in  large  masses  of  metal  they  can  be  very 
sensibly  reduced  by  allowing  the  metallic  mass  to  remain 
perfectly  quiet  and  free  from  strains  for  a  considerable  inter- 
val of  time.  If  this  theory  be  correct,  and  the  author  has  no 
doubt  that  it  is,  it  would  be  only  reasonable  to  expect  that 
the  strains  set  up  by  firing  a  six-inch  projectile  into  each  of 
the  four  corners  of  a  plate  would  be  materially  reduced  by 
allowing  the  plate  to  stand  several  days  before  an  eight-inch 
projectile  was  fired  into  the  centre.  This  was  the  case  at 
the  Annapolis  trials,  when  an  interval  of  two  days  elapsed 
between  the  firings  of  the  six-inch  and  eight-inch  projectiles. 
At  the  Indian  Head  trials,  however,  this  interval  was  about 
two  hours,  and  the  author  feels  quite  certain  that  the  metal 
in  the  plates  had  not  even  reached  its  normal  temperature 
before  the  eight-inch  projectiles  were  fired. 

The  author  called  attention  to  this  fact  (/.  r..  he  believes 
it  to  be  a  fact;  a  few  days  after  the  first  of  these  trials.*  and 
has  since  had  no  reason  to  change  his  views. 


*  The  liulUtin  Am.  Iron  and  Sigti Association,  November  1 1.  189I,  p.  329. 
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SECOND    DAY,    NOVEMBER    I4,     189I. 

Weather  clear.     Thermometer  at  9  A.  M.  49°  F.;  at  i  P.  M.,  69°  F. 

Roimd  I. 

First  shot  at  Carnegie,  Phipps  &  Co.'s  high-carbon  nickel-steel  plate. 
Time,  9:8:30  A.  M. 

Gmi  — Six-inch  B.  L.  R. 

The  point  of  impact  was  24  inches  from  the  top  and  24  inches  from  the 
left  side  of  the  plate. 

The  projectile  entered  and  rebounded  46  feet  6  inches  to  the  front,  bury- 
ing itself  in  the  sand.  A  circumferential  hair  crack  was  found  near  the 
bourrelet  and  the  projectile  was  shortened  o"i  inch  and  expanded  at  bourrelet 
00  inch,  at  body  0*04  inch,  at  base  o*o  inch. 

The  penetration  of  the  point  of  the  projectile  was  12*5  inches. 

A  bulge  was  formed  on  the  face  of  the  plate  18*5  inches  in  diameter,  with 
a  chipped  fringe  2  inches  high  about  the  shot  hole,  and  a  number  of  radial 
hair  cracks  in  bulge  not  exceeding  3  inches  long. 

The  bulge  on  the  back  of  the  plate  was  14" 5  inches  in  diameter  and  3" 56 
inches  high  about  the  hole,  25  inches  wide,  which  opened  out  with  a  star  of 
cracks  from  the  point  of  the  projectile. 

The  indent  in  the  backing  corresponded  in  shape  to  the  back  bulge  and 
was  13  inches  in  diameter  and  262  inches  deep. 

Two  of  the  side-plate  bolts  were  started. 

(See  Figs,  /j,  16  and  22^ 

Judging  from  the  effect  of  the  projectiles,  the  amount  of 
carbon  in  this  plate  must  have  been  much  greater  than  the 
the  other  two  nickel-steel  plates. 

By  comparing  Fig.  6  with  Figs,  8  and  /o,  it  will  be  noted 
that  there  is  an  extensive  fringe  around  each  of  the  points 
of  impact  in  Bethlehem  and  Carnegie,  Phipps  &  Co.  low- 
carbon  nickel-steel  plates,  showing  the  metal  to  be  ductile 
and  elastic.  The  Creusot  plate  of  the  Annapolis  trials, 
however,  resembled  the  Carnegie,  Phipps  &  Co.  high-carbon 
nickel-steel  plate  under  consideration  more  in  this  particu- 
lar. The  metal,  instead  of  curling  up  in  a  regular  fringe, 
chipped  and  flaked  off  like  the  excessively  hard  face  of  a 
Harvey-treated  or  compound  plate. 

Round  2. 

First  shot  at  Carnegie,  Phipps  &  Co.'s  low-carbon  nickel-steel  Harvey 
plate.     Time,  9:18:20  A.  M. 

Gun. — Six-inch  B.  L.  R. 

The  point  of  impact  was  24  inches  from  the  top  and  24  inches  from  the 
left  side  of  the  plate. 
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The  projectile  entered  and  remained  apparently  intact  in  the  plait*,  the 
base  projecting  2*62  inches  from  the  face  of  the  plate,  the  axis  sl-.ghtly 
inclined  from  the  normal.  A  very  small  piece  was  found  broken  off  from 
the  extreme  point  of  the  projectile  and  two  flakes  were  started  from  the  head, 
half-way  between  the  point  and  the  bourrelet,  adhering  tirmly  at  their  rear 
ends. 

The  penetration  of  the  projectile  was  146  inches,  the  axis  slightly  inclined 
to  the  normal. 

A  bulge  was  formed  on  the  face  of  the  plate  18  inches  in  diameter,  with 
a  chipped  fringe  about  the  projectile  2-37  inches  high,  and  a  number  of  radial 
hair  cracks  in  the  bulge  not  over  4  inches  long. 

The  bulge  on  the  back  of  the  plate  was  21-5  inches  in  diameter  and  41J 
inches  high,  with  a  star  of  cracks  opening  from  the  hole  5'5  inches  wide 
through  wh'ch  the  point  of  the  projectile  had  passed. 

The  indent  in  the  backing  was  jagged,  4  inches  deep  at  centre  and  14 
inches  in  diameter.     A  small  fragment  of  the  plate  adhered  thereto. 

One  of  the  side-plate  bolts  was  started. 

(See  Fii^s.  ij,  18  and  22.) 

A  through  crack  developed  at  this  point  after  the  fifth 
shot. 

Round  J. 

First  shot  at  Bethlehem  Iron  Company's  high-carbon  nickel-steel  Harvey 
plate.     Time,  9:26:56  A.  M. 

Gun. — Six-inch  B.  L.  R. 

The  point  of  impact  was  24  inches  from  the  top  and  24  inches  from  the 
left  side  of  the  plate. 

The  projectile  entered  the  plate,  broke  into  3  pieces,  and  rebounded, 
the  largest  piece  being  found  4$  feet  to  the  front  and  10  feet  6  inches  to  the 
right.  One  piece  was  the  point  3  inches  long,  another,  longitudinal,  extend- 
ing from  the  base  7  inches  and  5  inches  wide  ;  the  remaining  piece  was 
somewhat  cracked.     The  projectile  was  expanded  at  bourrelet  0*03  inch. 

The  penetration  of  the  point  was  12  inches. 

A  bulge  was  formed  on  the  face  of  the  plate  iS-2$  inches  in  diameter 
with  a  chipped  fringe  about  the  hole  112  inches  high,  and  a  number  of  radial 
hair  cracks  in  the  bulge  not  over  5  inches  long. 

The  bulge  on  the  back  of  the  plate  was  21  inches  m  diameter,  uui  zz^ 
inches  high  about  the  hole  o"25  inch  wide,  whii  h  ournnl  out  with  .1  star  of 
cracks  from  the  point  of  the  projectile. 

The  indent  in  the  backing  corresponded  m  sha|)e  to  the  back  bul>;c  and 
was  12  inches  in  diameter  and  !'5  inches  deep. 

The    head  of  one   of  the  side   plate   bolts   was  broken   and  two  others 

loosened. 

(Sec  /'t/^s.  ig,  20,  21  and  22.) 

Round  4. 

Second  shot  at  Carnegie,  Fhipps  &  Co.'s  high-carbon  nickel-steel  pUie. 
Time.  9:38  A.  M. 
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Gun. — Six-inch  B,  L.  R. 

The  point  of  impact  was  24  inches  from  the  top  and  24  inches  from  the 
right  side  of  the  plate. 

The  projectile  entered  the  plate,  broke  into  many  small  pieces  and 
rebounded.  The  head  about  10  inches  long  was  recovered,  fracture  jagged 
and  parallel  to  the  bourrelet. 

The  penetration  of  the  point  was  1075  inches. 

A  bulge  was  formed  on  the  face  of  the  plate  1975  inches  in  diameter 
with  a  curling  fringe,  partly  chipped  off  about  the  hole  v^d  inches  high,  and 
a  f e  V  radial  hair  cracks  in  the  bulge  not  over  3  inches  long. 

The  bulge  on  the  back  of  the  plate  was  15  inches  in  diameter,  and  1*94 
inches  high  about  the  hole  r25  inches,  which  opened  out  with  a  star  of 
cracks  from  the  point  of  the  projectile.  Three  large  pieces  of  the  bulge  were 
broken  off. 

The  indent  in  the  backing  corresponded  in  shape  to  the  back  bulge  and 
was  12  inches  in  diameter  and  r62  inches  deep.  A  fragment  of  the  plate 
9  X  4  X  2' 5  inches  adhered  to  the  backing. 

(See  Figs,  /j,  16  and  22^ 

Round  J. 

Second  shot  at  Carnegie,  Phipps  &  Co.'s  low-carbon  nickel-steel  Harvey 
plate.     Time,  9:41:15  A.  M. 

Gun. — Six-inch  B.  L.  R 

The  point  of  impact  v/as  24  inches  from  the  top  and  24  inches  from  the 
right  side  of  the  plate. 

The  projectile  entered  and  remained  apparently  intact  in  the  plate,  the 
base  projecting  244  inches  from  the  face  of  the  plate,  the  axis  slightly 
inclined  to  the  normal. 

The  estimated  penetration  of  the  point  was  14*86  inches. 

A  bulge  was  formed  on  the  face  of  the  plate  15  5  inches  in  diameter, 
with  a  ragged  fringe  about  the  hole  2  inches  high  and  a  number  of  radial 
hair  cracks  in  the  bulge  not  over  4  inches  long. 

A  bulge  on  the  back  of  the  plate  was  22  inches  in  diameter  and  475 
inches  high  about  the  hole  5*12  inches  wide,  which  opened  out  with  a 
star  of  deep  cracks  from  the  point  of  the  projectile. 

The  indent  in  the  backing  was  jagged,  corresponding  in  shape  to  the 
back  bulge,  11  inches  in  diameter  and  4  inches  deep.  The  course  of  the 
backing  next  to  the  plate  was  split  between  shot  holes  No.  i  and  No.  2. 

One  of  the  side  plate  bolts  was  started. 

(See  Figs,  ij,  18  and  22.) 

Roufid  6. 

Second  shot  at  Bethlehem  Iron  Company's  high-carbon  nickel-steel 
Harvey  plate.     Time,  9:48:40  A.  M. 

Gun. — Six-inch  B.  L.  R. 

The  point  of  impact  was  24  inches  from  the  top  and  24  inches  from  the 
right  side  of  the  plate. 

The  point  of  the  projectile  entered  and  remained  in  the  plate,  presenting 
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an  appearance  of  being  welded  therein,  the  end  of  the  chamber  05  inch 
outside  of  the  plate ;  the  body  and  base  were  broken  into  many  small 
fragments,  none  of  which  were  recovered. 

The  estimated  penetration  of  the  point  was  682  inches. 

A  bulge  was  formed  on  the  face  of  the  plate  12  75  inches  in  diameter. 
Near  the  head  of  the  projectile  the  metal  of  the  plate  was  dished  in  and 
scarcely  distinguishable  from  that  of  the  projectile  remaining  in  the  plate. 
A  few  short  radial  hair  cracks  were  in  the  bulge. 

The  bulge  on  the  back  of  the  plate  was  nearly  imperceptible,  but  was 
found  to  be  18  inches  in  diameter  and  025  inch  high. 

No  cracks. 

There  was  a  discoloration  of  the  backing  opposite  the  b.ick  buli^'c  hit  no 
indent. 

A  head  of  one  of  the  side  plate  bolts  was  broken. 

(See  Fig<.  ig,  20,  21  and  _'_'.) 

Round  7. 

Third  shot  at  Carnegie,  I^hipps  .S:  Co.'s  high-c.irb^n  nickel-steel  plate. 
Time,  9:55  .\o  .\.  M. 

(/"//;/. — Six-inch  B.  L.  R. 

The  point  of  impact  w.is  24  inrhes  from  the  bottom  and  24  inches  from 
the  left  side  of  the  plate. 

The  projectile  entered  the  plate  and  rebounded,  broken  into  several  large 
and  a  number  of  small  pieces;  some  of  the  former  recovered,  among  which 
was  half  of  the  head,  which  had  been  split  longitudinally. 

The  penetration  of  the  point  was  12  mches. 

.X.  bulge  was  formed  on  the  face  of  the  plate  I9'2  5  inches  in  diameter. 
with  an  irregular  curling  fringe  partly  chipped  off  about  the  hole  175  inches 
high,  and  a  few  radial  hair  cracks  in  the  bulge. 

A  through  crack  extended  from  this  hole  to  the  bottom  of  the  plate  287$ 
inches  from  the  left  lower  corner,  which  was  sprung  out  about  o*  5  inch. 

The  bulge  on  the  back  of  the  plate  was  16  inches  in  diameter  and  2  37 
inches  high  about  the  hole  2  inches  wide,  which  opened  out  with  a  star  of 
cracks  from  the  point  of  the  projectile  ;  about  half  of  the  bulge  was  broken 
out  to  a  depth  of  about  1*5  inches. 

The  indent  in  the  backing  corresponded  in  shape  to  the  back  bulge  and 
was  12  inches  in  diameter  and  25  m'.hes  deep.  (.)ne  small  fragment  o\  the 
plate  was  imbedded  in  the  backing. 

(See  Figs,  /j,  16  and  i'i* ) 

Round  S. 

Third  shot  at  Carnegie,  I'hipps  ^"t  Co.'s  low-c\rb3n  nickel  steel  lUrvey 
plate.    Time,  10:2:15  A    M. 

cJun. — Six-inch  H.  L.  R. 

The  point  of  impact  was  24  inches  from  the  bottom  and  24  mchc»  from 
the  left  side  of  the  plate. 

The  projectile  entered  the  plate  and  rebounded  to  the  front  12  feet  6 
inches,  and  thence  ricocheted  35  feet  2  inches  beyond.     It  wat  considerably 
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upset,  being  shortened  209  inches  and  expanded  at  the  bourrelet  o'86  inch, 
at  the  body  058  inch,  and  at  the  base  o'oi  inch.  A  number  of  small  thin 
pieces  flaked  off  the  head. 

The  penetration  of  the  point  was  975  inches. 

A  bulge  was  formed  on  the  face  of  the  plate  1675  inches  with  an  irregular, 
ragged,  curling  fringe  225  inches  high  about  the  hole  and  a  number  of 
radial  hair  cracks  in  the  bulge  not  over  4  inches  long. 

The  bulge  on  the  back  of  the  plate  was  19*5  inches  in  diameter  and 
rSi  inches  high  about  the  hole  i'25  inches  wide, which  opened  out  with  a  star 
of  cracks  from  the  point  of  the  projectile. 

The  indent  in  the  backing  corresponded  in  shape  to  the  back  bulge,  and 
was  II  inches  in  diameter  and  i"37  inches  deep. 

(See  Figs.  //,  18  and  22.) 

Romtd  g. 

Third  shot  at  Bethlehem  Iron  Company's  high-carbon  nickel-steel 
Harvey  plate.     Time,  10:9:30  A.  M. 

Gun. — Six-inch  B.  L.  R. 

The  point  of  impact  was  24  inches  from  the  bottom  and  24  inches  from 
the  left  side  of  the  plate. 

The  projectile  entered  the  plate  and  rebounded  37  feet  10  inches  to  the 
front  and  thence  ricocheted  19  feet  farther.  The  projectile  was  unbroken, 
but  there  was  a  longitudinal  crack  from  bourrelet  to  band  score.  It  was 
shortened  o"i4  inch  and  expanded  at  bourrelet  0*015  inch,  at  body  o*o$ 
inch,  at  base  o'oi  inch. 

The  penetration  of  the  point  was  12*25  inches. 

A  bulge  was  formed  on  the  face  of  the  plate  18  inches  in  diameter,  with 
an  irregular  chipped  fringe  about  the  hole  1*5  inches  high,  and  a  number  of 
radial  hair  cracks  in  the  bulge  not  over  5  inches  long.  There  were  also 
three  deeper  radial  cracks — two  6  inches,  and  one  5*5  inches  long. 

The  bulge  on  the  back  of  the  plate  was  I5'25  inches  in  diameter  and  2*12 
inches  high  near  the  hole  one  inch  wide  which  opened  out  with  a  star  of 
racks  from  the  point  of  the  projectile. 

The  indent  in  the  backing  corresponded  in  shape  to  the  back  bulge  and 
was  12  inches  in  diameter  and  i'25  inches  deep. 

One  of  the  backing  bolts  was  started  back  1*5  inches. 

(See  Figs,  ig,  20,  21  and  22^ 

Round  10. 

Fourth  shot  at  Carnegie,  Phipps  &  Co.'s  high-carbon  nickel-steel  plate, 
me,  10:16:50  A.  M. 

Gun — Six-inch  B.  L.  R. 

The  point  of  impact  was  24  inches  from  the  bottom  and  24  inches  from 
he  right  side  of  the  plate. 

The  projectile  entered  the  plate  and  rebounded  47  feet  10  inches  to  the 
front;  in  it  were  two  longitudinal  cracks,  one  from  the  bourrelet  to  the  base 
apparently  a  through  crack,  and  the  other  extending  from  the  bourrelet  to 
the  band  score. 
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many  thin  pieces  flaked  off  from  the  head.  The  projectile  was  very  hot  and 
was  still  warm  an  hour  after.  Ii  was  shortened  358  inches,  and  expanded 
at  bourrelet  1-65  inches,  at  the  body  097  inch,  at  the  base  0*28  inch. 

The  penetration  of  the  point  was  962  inches. 

A  bulge  was  formed  on  the  face  of  the  plate  20  inches  in  diameter,  with 
an  irregular  fringe  about  the  hole  175  inches  high  and  a  few  radial  hair 
cracks  in  the  bulge. 

.\  through  crack  extended  from  the  No.  3  through  No.  5  and  No.  2  holes 
to  the  right  side  of  the  plate,  7  inches  from  the  top,  and  those  developed  at 
No.  3  and  No.  4  shots  were  somewhat  opened. 

In  addition  to  the  through  cracks  on  the  face  of  the  plate,  the  following, 
extending  nearly  through  the  plate,  were  found  on  the  back  :  One  from  No. 
5  through  No.  i  hole  to  the  top  of  the  plate.  155  inches  from  the  left  upper 
corner,  and  one  from  No.  4  hole  to  the  right  side  of  the  plate  iS  inches 
from  the  right  lower  corner. 

The  bulge  on  the  back  of  the  plate  was  25  inches  in  diameter  and  r$6 
inches  high,  about  the  hole  1*25  inches  wide,  which  opened  out  with  a  star  of 
cracks  from  the  point  of  the  projectile. 

The  indent  in  the  backing  corresponded  to  the  back  bulge  and  was  13 
inches  in  diameter  and  one  inch  deep. 

The  middle  armor  bolt  of  the  second  row  from  the  bottom  was  broken  at 
the  plate  and  thrown  2  feet  to  the  rear  ;  both  of  the  lugs  of  the  bottom  clamp 
for  the  side  plates  were  broken.  The  backing  structure  was  set  back  05 
inch,  and  the  course  of  backing  next  to  the  plate  was  split. 

When  the  plate  was  removed  from  the  backing  the  left  lower  corner  sep- 
arated from  the  remainder  of  the  plate.  The  armor  bolt  above  No.  5  hole 
stuck  in  the  plate  ;  the  one  below  it  was  broken  otT  flush  with  the  back  of  the 
plate;  the  remaining  bolts  were  easily  unscrewed. 

The  top  of  the  plate  was  after  the  firing  sprung  0*25  of  an  inch  away  from 
the  backing. 

(See  I'ii^s,  ij,  16  and  22.) 

This  wa.s  the  tirst  time  American  projectiles  were  used 
at  these  trials,  and  it  must  in  truth  be  admitted  they  were 
not  up  to  the  standard.  Any  one  familiar  with  the  subject 
knows  how  difficult  it  is  to  makean  ellicient  a.  p.  projectile, 
and  it  can  hardly  be  expected  that  the  Carpenter  Steel 
Company,  having  so  recently  domesticated  the  F^irminy 
process  at  their  works  at  Readinj^,  Pa.,  could  produce,  with 
such  a  short  experience,  results  as  j^ood  as  those  produced 
abroad  after  years  of  trial  and  experiment 

The   fact   the   projectile   was   so    hot    alter   sn: 
plate,  shows  very  conclusively  that  a  very  large  pi^.^y^Mii^Mi 
Vol.  CX.X.XIll.  ^1 
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of  the  work  was  expended  upon  it  instead  of   the  plate,  as 
should  be  the  case  with  the  best  projectiles. 

Round  14. 

Fifth  shot  at  Carnegie,  Phipps  &  Co.'s  low-carbon  nickel-steel  Harvey 
plate,     Time,  12:19:50  P.  M. 

Gttn. — Eight-inch  B.  L.  R. 

Projectilt. — Eight-inch  Carpenter  armor-piercing  shell  of  250  pounds. 

The  point  of  impact  was  the  centre  of  the  plate. 

The  projectile  entered  the  plate,  rebounded  33  feet  to  the  front,  broke  into 
several  pieces,  the  head  being  thrown  22  feet  10  inches  to  the  front,  and  the 
body  33  feet  to  the  right.  The  extreme  point  of  the  head  was  bruised  and  a 
piece  chipped  off. 

The  penetration  of  the  point  of  the  projectile  was  17*25  inches. 

A  bulge  was  formed  on  the  surface  of  the  plate  18*5  inches  in  diameter, 
with  an  irregular  broken  fringe  about  the  hole  25  inches  high,  and  a  few 
radial  hair  cracks  in  the  bulge. 

Through  cracks  extended  from  hole  No.  5  through  No.  i  to  the  top  of 
the  plate,  675  inches  from  the  left  upper  corner;  and  through  No.  3  to  the 
bottom  of  the  plate,  11  inches  from  the  left  lower  corner;  a  deep  crack 
extended  from  No.  5  to  No  2  hole. 

In  addition  to  the  through  cracks  on  the  face  of  the  plate  a  crack  reach- 
ing nearly  through  the  plate  extended  on  the  back  from  No.  5   through  No. 

4  hole  to  the  bottom  of  the  plate,  14' 25  inches  from  the  right  lower  corner. 

The  bulge  on  the  back  of  the  plate  was  26  inches  in  diameter  and  675 
inches  high  at  the  hole,  5*5  inches  wide,  which  opened  out  with  a  star  of 
cracks  from  the  point  of  the  projectile. 

There  was  a  jagged  depression  in  the  backing  16  inches  in  diameter  and 
55  inches  deep,  with  a  small  fragment  of  the  metal  sticking  therein.  The 
course  of  the  backing  next  to  the  plate  was  split  in  the  line  of  the  upper 
backing-bolts. 

When  the  plate  was  removed  from  the  backing  it  held  together,  and  the 
bolts  were  easily  unscrewed,  excepting  the  one  above  and  the  one  below  No. 

5  hole. 

The  top  of  the  plate  was,  after  the  tiring,  sprung  0*25  inch  away  from  the 
backing, 

(See  F{i(s.  //,  iS  and  22^ 

Round  75. 

Fifth  shot  at  Bethlehem  Iron  Company's  high-carbon  nickel-steel  Harvey 
plate.     Time,  12:37:33  P.  M. 

Gun. — Eight-inch  B.  L.  R. 

I*rojectili:. — Eight-inch  Firminy  armor-piercing  shell  of  210  pounds. 

The  point  of  impact  was  the  centre  of  the  plate. 

The  projectile  entered  the  plate  and  rebounded  to  the  front  38  feet,  then 
ricocheted  violently  against  the  timber  protection  of  the  gun,  rebounding 
therefrom  6  feet.     The  projecti'e  cracked  Icngitudinally  and  flaked  consider- 
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ably  at  the  rear  of  the  head.  On  the  body  of  the  shell  was-  a  score  which 
extended  around  the  projectile  at  the  section  of  a  plane  inclined  to  the  axis. 

This  score  could  have  been  formed  by  a  rotary  motion  against  a  hard 
point,  combined  with  a  movement  forward  and  back,  and  possibly  was  so 
done  by  the  rotation  of  the  projectile  on  entering  and  rebounding  from  the 
plate.  The  projectile  was  shortened  i  "36  inches,  and  expanded  at  thebourrelet 
031  inch,  at  the  body  o"4i  inch,  at  the  base  003  inch. 

The  penetration  of  the  point  was  I2'87  inches. 

A  bulge  was  formed  on  the  face  of  the  plate  17  inches  in  diameter,  with 
the  fringe  around  the  hole  chipped  off  and  nowhere  higher  than  0*94  inch, 
and  a  number  of  radial  hair  cracks  in  the  bulge,  none  over  7  inches  long. 

A  through  crack  extended  through  hole  No.  i  to  the  top  of  the  plate  14 
inches  from  the  left  upper  corner,  and  another  through  hole  No.  3  to  the  bot- 
tom of  the  plate  17*5  inches  from  the  left  lower  corner. 

The  bulge  on  the  back  of  the  plate  was  23  inches  in  diameter  and  262 
inches  high  about  a  hole  o' 5  inch  wide  which  opened  out  with  a  star  of  cracks 
from  the  point  of  the  projectile. 

The  indent  in  the  backing  corresponded  to  the  back  bulge  and  was  15 
inches  in  diameter  and  2  inches  deep. 

The  course  of  backing  next  to  the  plate  was  spHt  in  line  of  backing  bolts. 
The  lugs  of  the  lower  side-plate  clamp  were  cracked  and  the  left  side  plate 
was  moved  o"25  inch  to  the  left. 

When  the  plate  was  removed  from  the  backing  it  held  together,  and  all 
the  bolts  were  easily  unscrewed  excepting  four,  one  above  and  one  below 
No.  5  hole,  and  one  at  upper  and  one  at  lower  left  corner. 

(See  Figs,  ig,  20,  21  and  22.) 

SUMMARY. 

After  careful  consideration  of  the  results  of  the  firing  upon  the  six  plates, 
it  is  the  unanimous  decision  of  the  Board  that  they  be  placed  in  the  following 
order  of  merit,  viz  : 

(1)  The  high-carbon  nickel-steel  Harvey  plate  furnished  by  the  Bethlehem 
Iron  Company. 

(2)  Tne  hii,'h-carbon  nickel-steel  plate  furnished  by  the  Bethlehem  Iron 
Company. 

(3)  The  high-carbon  nickel-steel  plate  furnished  by  Carnegie,  Phipos  & 
Co. 

(4)  The  low-carbon  nickel-steel  Harvey  plate  furnished  by  Carnegie, 
Phipps  &  Co. 

(5)  The  low-carbon  nickel-steel  plate  furnished  bv  Carnegie,  Phipps  & 
Co. 

(6)  The  low-carbon  steel  Harvey  plate  furnished  by  the  Bethlehem  Iron 
Company. 

The  right  side  of  the  plate  No.  i  showed  very  remarkable  qualities.  The 
two  projectiles  which  struck  that  side  penetrated  not  m.ore  than  7  inches,  the 
head  remaining  in  the  plate  completely  filling  the  hole,  and  with  the  appear- 
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SICKEL-STEEL   PLATES, 


Pbnbtbation  op  Point  in  Inches. 

EuLGB  AT  Back. 

Namb  of  Plate. 

No.  of  Six-inch  Projectiles. 

8-inch 

No.  of  Six.;nch  Projectiles. 

Eight-inch. 

First. 

Second. 

Third. 

Fourth. 

Fifth. 

First. 

Second. 

Third. 

Fourth, 

Fifth. 

Creusot  nickel-sieel  (Ai  na- 
polis  trials,  1890), 

13-75 

'375 

.0, 

.,.s 

5  inches  high 
21  inches  diameter. 

6  inches  high 

and 

21  inches  diameter. 

4  inches  high 

and 

19  inches  diameter. 

4  inches  high 

and 

iS  inches  diameter. 

A  crater  formed 
21  inches  diameter. 

Bcihlchem  nickel-sled  plaie, 
hieh-carbon, 

'3-25 

1007 

.a-75 

W37 

I3'i9 

16-50 
33-08 
9-63* 

I  75  inches  high 
iTvs  inches  diameter. 

2  12  inches  high 

and 
17  inches  diameter. 

a-75  inches  high 
15  inches  diameter. 

1*63  inches  high 

and 

15  inches  diameter. 

5*5  inches  high 
22  Inches  diameter. 

Carnegie,    Phipf  s     &    Co., 
nicKel-stcel    plate,    low- 
carbon, 

36*53 

a6-33 

.4* 

4"87  inches  high 

and 

lO  5  inches  diameter 

4'5  inches  high 

and 

17  inches  diameter. 

4-25  inches  high 

and 
17  inches  diameter. 

2-87  inches  high 
18  inches  diameter. 

6'5  inches  high 

and 

24  inches  diameter. 

Carnegie,    Phipps    &    Co., 
nickel-siecl  plate,  high- 
carbon, 

13-5 

10-75 

,.0 

11-87 

356  irches  high 
14-5  inches  diameter 

1-94  inches  high 
15  inches  diamcler. 

2-37  inches  high 

and 
16  inches  diameter. 

2•^^  inches  high 

and 
20  inches  diameter. 

1-56  inches  high 

and 

25  inches  diameter. 

•Carpenter a.  p.  ].rojcciile. 


STEEL  AND  NICKl  i    SIEEL  PL.ATES-Tre 


Pbwbtration  of  Point  in  Inches. 

Bulge  at  Back. 

Namh  op  Platp. 

No.  of  Sixinch  Projectiles. 

&-inch 

No   of  Six-inch  Projectiles. 

Eight-inch.     . 

First. 

.Second. 

Third. 

Fourth. 

Fijlh 

First. 

Second. 

Third. 

Fourth. 

Fifth. 

Bethlehem  low-carbon  steel. 
Harvey  plate, 

,o.<. 

97 

26-96 

.0. 

43--.8' 

2  inches  high 

I  62  inches  high 
18  irches  diameter. 

3'5  inches  high 

and 

18  inches  riameter. 

2  inches  high 

and 

i6iinche5  diameter. 

Projectile  through 

hole 
24  inches  diameier. 

Carnegie,  Phipps&  Co  .low- 
carbon,      nickel  -  steei, 

■4-6 

M'36 

m 

30-5 

17-951 

-(■12  inches  high 

aftd 

2ys  inches  diameter 

4"75  inches  high 

and 

33  inches  diameter. 

i-8i  in.hes  high 

and 

19-5  inches  diameter. 

4-62  inches  high 
18  inches  diameter. 

6  75  inches  high 

and 
a6  inches  diameter. 

Bethlehem       high  •  carbon, 
nickel  -  steel,      Harvey 
plate, 

.,■ 

es: 

ia-J5 

7-32 

12-87: 

2-25  inches  high 

and 
;i  inches  diameter. 

0-35  inch  high 

and 

18  inches  diameter. 

3*19  inthei  high 

and 

15-25  inches  diameter 

0  31  inch  high 

and 

17  inches  diameter. 

2*62  inches  high 

and 
23  inches  diameter. 

•  Firminy  a.  p.  shell  (aio  pounds). 

t  Carpenter  a.  p.  shell  (250  pounds). 

1  Firminy  a.  p.  shell  (210  pounds). 

.Ml  the  six-inch  shells,  Holtter  a.p.  chn 
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ance  of  having  been  welded   to  the   surrounding  metal,  while  the  body  was 
shattered  into  many  fragments 

No  cracks  were  made  on  that  side  of  the  plate. 

The  back  of  the  pl.ite  on  that  side  showed  no  disturbance  ex«:ept  a  hardly 
noticeable  swelling  on  the  surface. 

It  is  to  be  noted  that  the  upper  part  of  plate  No.  6  (Harveyed)  showed 
qualities  resembling  those  of  the  right  side  of  No,  i,  while,  on  the  ether 
hand,  plate  No.  4  (likewise  Harveyed)  was  totally  lacking  in  such  character- 
istics.^ 

Plate  No  2  showed  a  great  degree  of  uniformity  as  well  as  resistance  to 
penetration. 

The  small  penetration  of  the  eight-inch  shot  in  plate  No.  3  is,  in  the  opin- 
ion of  the  Hoard,  due  to  the  excessive  upsetting  of  the  projectile. 

All  of  the  armor-plates  were  more  or  less  cracked  through,  but  only  two. 
Nos.  3  and  6,  badly,  and  these  two  plates  alone  showed  cracking  before  the 
fifth  shot.  Folates  Nos.  i,  2  and  3  kept  out  all  the  projectiles;  No  4  was  per- 
forated by  one,  and  Nos.  5  and  6  by  two  projectiles  each. 

It  will  be  noticed  that  the  "  high  carbon  "  plates  show  better  results  than 
those  of  "  low-carbon."  but  it  is  believed  that  the  chemicil  anaylsis  of  the 
plates  now  in  progress  will  show  that  the  words  "  high "  and  "  low," 
employed  bv  the  manufacturers,  have  been  used  arbitrarily  and  have  but 
little  value  for  purposes  of  comparison. 

The  Holl^er  and  Firminy  projectiles  were  part  of  the  lot  used  at  the  Ann- 
apolis armor  trials  of  last  year. 

Comparing  the  plates  of  this  trial  with  the  Creusot  steel  and  the  Creusot 
nickel-steel  plates  of  the  Annapolis  trials  of  September,  1S90.  the  Board  is 
of  the  unanimous  opinion  that — 

No.  I,  the  high-carbon  uicke'-stsel  Harvey  plate  furnished  by  the  Beth- 
lehem Iron  Company,  and 

No.  2.  the  high-c.irbon  nickel-steel  plate  furnished  by  the  Ucihlehcm  Iron 
Company,  ar/i  superior  to  the  Creusot  steel  and  nickcl-stcel  plates  of  last  year. 

The  following  tables  show  the  relative  penetrations  of 
the  projectiles  in  the  nickel-steel  plates  and  in  the  several 
plates  treated  by  the  Harvey  process. 

In  accompanying  Plates  I  and  //,  we  have  these  penetra- 
tions graphically  illustrated.  The  penetrations  in  the 
Creusot  nickelsteel  plate  of  the  Annapolis  trials  of  1890 are 

included. 

[  To  bt  continued  ] 


♦  The  method  of  tempennK  ai  Uclhlehem  differed  from  that  at  I'lttsbufgh. 
[Note  by  Department  authority.] 
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EYESIGHT,  IX  MIDDLE  LIFE  and  OLD  AGE,  with  a 
FEW  HINTS  FOR  ITS  CARE  and  PRESERVATION. 


By  L.  Webster  Fox,  IVI.D. 


\A  lecture  delivered  before  the  Franklin  Institute.^ 

Members  of  the  Institute,  Ladies  and  Gentlemen  : 

Little  more  than  a  year  ago  I  had  the  honor  of  appearing" 
before  the  members  of  the  Franklin  Institute  and  their 
friends,  to  lecture  on  a  subject  of  great  importance  to  the 
growing  child  and  youth. 

The  widespread  interest  Avhich  this  lecture  created  not 
only  in  this  country  but  abroad,  its  republication  in  scien- 
tific and  abstracts  from  it  by  medical  journals,  has  led  me  to 
think*  that  that  lecture  has  not  been  without  its  good 
results. 

In  that  lecture  I  dealt  with  the  care  of  vision  during 
infancy  and  led  up  to  adult  life.  Having  considered  these 
two  periods  and  called  attention  to  whatever  may  prove 
either  injurious  or  beneficial  to  the  eye,  I  now  take  up  the 
thread  of  my  discourse,  and  continue  it  up  to  old  age. 

If  the  eye  of  man  has  escaped  the  vicissitudes  of  youth, 
we  find  it  at  its  best  at  about  twenty  years  of  age.  Let  the 
boy  be  brought  up  strong  in  mind  and  with  a  clear  intellect, 
so  that  when  he  enters  his  twenty-first  year  he  will  have  the 
physique  to  carry  him  through  the  life  work  which  lies 
before  him. 

In  this  day  of  telegraphy,  shorthand  and  specialism, 
man  has  much  labor  both  mentally  and  physically  to  per- 
form, and  we  must  always  remember  that  'tis  through  the 
eye  that  the  greater  part  of  this  labor  is  accomplished. 

It  is  bound  to  excite  astonishment  at  the  wonderful  labor- 
performing  functions  of  an  eye  when  we  think  of  what  can 
be  done.  The  expenditure  of  eyesight  means  also  the  neces- 
sity of  recuperation  of  the  functions  of  the  eye.  If  these 
functions  are  blunted  by  some  toxic  drug,  the  vision  must 
necessarily  become  weakened  and  in  some  instances 
destroyed. 
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''Habit,"  says  Schiller,  "is  the  nurse  of  man."  If  boys 
bring  with  them  up  to  the  entrance  of  manhood  habits  which 
are  pernicious,  what  a  serious  outlook  for  the  lasting  quali- 
ties of  that  individual  who  requires  immense  expenditure  of 
nervous  energy  and  eyesight  between  manhood  and  old  age, 
or  between  twenty  and  sixty. 

Some  of  you  may  remember  that  I  closed  my  last  lecture 
by  suggesting  some  hints  on  the  care  of  vision,  and  called 
attention  to  the  habit  of  smoking,  particularly.  Tobacco 
and  alcohol  are  the  two  most  prominent  agents  which  not 
only  pervert  but  also  destroy  special  senses,  and  of  which 
men  of  this  age  too  freely  indulge,  especially  in  social  life. 
How  guarded  should  the  young  man  be  that  he  does  not  fall 
into  habits  which  cling  to  him  through  life  like  a  leech  I 

It  is  a  well  authenticated  fact  that  boys  who  have  indulged 
in  the  use  of  tobacco  are  not  mentally  and  physically  as 
strong  as  those  who  abstain  ;  not  only  have  medical  men 
recognized  the  tendency  to  a  depression  of  the  v^ital  force 
in  boys  and  young  men  who  are  constant  users  of  tobacco, 
but  athletic  trainers  will  never  select  their  boats'  crew  from 
such  ranks. 

These  men  know  that  tobacco  weakens  the  heart.  It  is 
the  same  with  foot-ball  teams,  or  tug-of-war  men  ;  they  may 
be  giants  of  strength,  but  when  the  final  test  comes,  that 
subtle  fluid  flying  through  their  nerves  with  lightning-like 
rapidity,  is  suddenly  snapped;  collapse  and  defeat  follow. 

When  such  facts  are  known  to  non-medical  men,  no 
wonder  that  twenty-nine  States  have  passed  laws  forbidding 
the  sale  of  tobacco  to  boys. 

I  do  not  wish  in  a  public  lecture  of  this  kind  to  speak  of 
a  great  benefactor,  but  I  must  say  that  if  any  one  man 
deserves  the  thanks  of  a  generation,  it  is  John  H.  Few. 
of  this  city,  for  bringing  about  the  law  prohibiting  the  sale 
of  cigarettes  to  boys 

The  excessive  use  01  tobacco  not  oiiiy  \vcaKcn>  luc 
muscles  of  the  eye,  but  also  produces  a  lowering  of  the 
acuity  of  vision  and  a  form  of  color-blindness.  I  can  rtcall 
an  instance  of  this  peculiar  form  of  blindness. 

Prof.   Chisolm,   of    Baltimore,   some    years   ago   had    a 
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patient,  a  planter's  wife  from  one  of  the  Southern  States, 
consult  him  for  defective  vision,  and  who  was.  also  blind  to 
certain  colors.  Prof.  Chisolm,  after  making  an  exami- 
nation with  the  ophthalmoscope,  and  who  up  to  this  stage 
of  the  examination  had  not  asked  her  anything  as  to 
personal  habits,  turned  to  her  and  said,  ''  If  you  were  a  man 
I  should  pronounce  your  case  one  of  tobacco  amblyopia,  or 
color-blindness  due  to  excessive  use  of  tobacco."  The  lady, 
completely  surprised  at  the  keenness  of  the  observation, 
confessed  that  she  was  an  excessive  smoker ;  she  and  her 
husband  lived  alone  in  a  retired  part  of  the  country,  and  in 
the  evening  after  dinner  she  would  light  her  husband's 
pipe,  at  first  taking  but  one  whiff ;  as  time  went  on  she 
would  increase  the  number  of  whiffs,  until  she  gradually 
became  addicted  to  the  use  of  tobacco. 

How  often  we  hear  of  the  sudden  deaths  of  young  men 
or  individuals  in  the  prime  of  life  !  Could  we  read  between 
the  lines,  or  in  other  words  dissect  that  nervous  system,  we 
might  read  there,  or  find  the  evidence  of  over-indulgence  in 
tobacco. 

Dr.  Martin,  of  Manchester,  writes  :  "  The  injurious  effects 
of  smoking  may  not,  except  under  very  careful  testing, 
become  apparent  for  years.  In  many  cases  it  may  be  diffi. 
cult  to  prove  that  certain  diseased  conditions  are  chiefly  or 
wholly  attributable  to  smoking,  but  where  our  knowledge 
of  disease  processes  is  very  exact,  and  especially  where  we 
have  undoubted  methods  of  testing  the  symptoms  pre- 
sented, the  proof  of  the  adverse  action  of  a  particular 
agent  may  be  proved  beyond  doubt." 

With  smoking,  I  class  the  chewing  of  tobacco  as  a  very 
grave  evil.  The  filthy  habit  which  compels  street-car 
companies  to  exhibit  placards  in  their  cars  prohibiting 
spitting,  speaks  in  words  stronger  than  I  can  use.  It  is  a 
disgrace  to  American  manhood  that  such  a  recourse  had  to 
be  taken. 

We  read  that  Prof.  Pfeiffer  has  discovered  the  bacillus  of 
influenza  in  sputum.  Is  it  surprising  that  influenza  exists 
in  this  city  when  every  street  pavement  or  public  building 
is  one  large  cuspidore  ? 
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Let  any  one  take  a  walk  down  Broad  Street  on  a  Sunday 
afternoon,  or  pass  through  the  archways  of  our  Public 
Buildings,  and  it  makes  one  wish  that  we  had  a  law  pro- 
hibiting the  sale  and  use  of  chewing  tobacco  and  expecto- 
rating in  public  places.  The  chewing  of  tobacco  as  an 
indirect  destroyer  to  vision  ranks  second  to  smoking,  and 
every  boy  should  be  severely  punished  for  using  it. 

One  thing  to  which  attention  has  been  recently  called  is 
that  the  women  of  this  generation  are  proportionately  larger 
than  men.  If  such  is  the  fact  may  it  not  be  due  to  women 
abstaining  from  the  use  of  tobacco  ? 

Large  sums  of  money  are  voted  and  many  laws  passed 
for  all  kinds  of  sanitary  precautions  ;  medical  colleges  vie 
with  each  other  in  selecting  the  ablest  and  best  instructors 
to  guide  medical  students  towards  becoming  the  keen  guar- 
dians of  the  public  health,  but  what  does  it  avail  when  these 
patent  evils  remain  unfettered  I  Do  not  misunderstand  my 
imputations  against  the  use  of  tobacco;  a  large  gulf  lies 
between  the  use  and  abuse  of  the  fragrant  weed.  MeTi  who 
have  gone  through  a  certain  amount  of  mental  strain  are 
the  better  for  smoking  one,  two  or  three  cigars  daily  ;  they 
have  a  soothing  effect  upon  the  over-wrought  nervous  sys- 
tem, and  smoking  brushes  away  the  cobwebs  and  makes 
man  a  more  sociable  creature.  Any  excessive  indulgence 
in  smoking  is  sure  to  produce  evil  results,  but  the  chewing 
of  tobacco  must  be  condemned  at  all  times. 

Another  source  of  injury  to  vision  is  the  excessive  use  of 
alcohol  in  whatever  form  it  is  taken  into  the  .system.  The 
drinking  uf  beer  or  wine  acts  in  a  deleterious  manner  upon 
that  part  of  the  eye  called  the  crystalline  lens. 

Excessive  wine  and  beer  drinkers  are  very  prone  to  have 
cataracts  before  they  have  passed  the  forty-fifth  mile-post  in 
their  lives,  while  whiskey  drinkers  are  subject  to  affections 
of  the  retina  and  optic  nerve. 

There  are  also  certain  drugs  winch  piuUucc  a  bad  ettcct 
on  vision.     It  is  said   that  Americans   arc  fast  ^  * 

quinine-eating  people.  I  do  not  wish  for  a  momt .;.  i-  .-|.v.iiv 
against  any  drug  so  important  to  the  pharmacopitia.  but  I 
must   enter   my  protest   as  an  ophthalmic  surgeon   to  the 
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indiscriminate  use  and  abuse  of  this  valuable  therapeutic 
ag"ent. 

I  am  sure  that  certain  intraocular  affections  may  be 
traced  to  the  abuse  of  this  drug.  I  have  in  my  possession 
the  notes  of  several  cases  where  blindness  was  directly 
traced  to  excessive  doses  taken  at  short  intervals. 

One  of  these  patients  had  a  very  sad  ending.  This  man 
spent  several  months  in  the  Valley  of  the  Amazon,  and 
while  there  contracted  ague.  To  break  up  the  severe  attacks 
of  chills  and  fever,  he  was  obliged  to  literally  feed  upon 
quinine.  He  continued  this  treatment  until  his  eyesight 
began  to  fail,  when,  upon  his  return  to  this  country,  he  con- 
sulted me  about  his  blindness,  but  was  already  beyond 
ophthalmic  aid.  I  could  continue  this  chapter  on  the  abuse 
of  this  invaluable  drug,  but  I  must  pass  on.  Other  drugs 
which  are  also  injurous  to  eyesight  are  chloral,  opium 
and  the  bromides. 

Cosmetics  which  are  placed  in  the  eye  to  heighten  its 
lustre 'should  be  avoided,  as  they  are  always  dangerous;  eye 
balms  of  all  kinds  should  be  avoided,  especially  if  the  ingre- 
dients are  rich  in  the  proportions  of  lead. 

The  same  observations  are  applicable  to  the  dyeing  of  the 
hair  and  eyebrows. 

There  is  a  case  on  record  where  a  diminution  of  vision 
has  been  traced  to  the  wearing  of  an  artificial  wreath  of 
flowers. 

In  ancient  Greece  amd  Rome,  the  business  of  painting 
the  irkin  was  a  work  of  art,  and  ladies  of  wealth  and  fashion 
kept  female  slaves  for  the  express  purpose,  but  their  paints 
con.sisted  for  the  most  part  of  the  less  injurious  materials 
procured  from  the  vegetable  or  animal  kingdoms. 

Another  source  of  failing  vision  may  be  traced  to 
impeded  circulation.  The  wearing  of  tight  neckwear,  such 
as  collars  which  are  too  small  or  shirt  bands  or  neckties 
tightly  drawn  should  be  avoided,  this  prevents  the  down- 
ward column  of  blood  returning  to  the  heart ;  the  blood 
being  retarded  is  dammed  up  in  the  capillary  blood  vessels, 
the  heart  driving  against  this  volume  of  blood  is  sure  to 
cause  dilatation  of  them  and  certain  diseases  develop.     We 
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are  almost  sure  to  have  fulness  of  the  head  or  headache 
following.  To  say  the  least,  the  equilibrium  of  the  circula- 
tion is  destroyed. 

The  same  rules  hold  good  to  constriction  of  other  parts 
of  the  body. 

A  subject  which  is  commanding  some  attention  is,  "Arc 
type-writing  machines  injurious  to  vision  ?"  The  individuals 
who  find  the  most  trouble  with  their  vision  are  those  who 
are  students  at  this  new  calling.  Close  attention  and  con- 
centration  of  vision  is  necessary  to  produce  accurate  copy. 
After  one  becomes  so  thoroughly  proficient  in  manipulating 
the  keys  that  he  acts  automatically,  much  relief  is  given  to 
the  eyes,  but  until  this  is  accomplished,  a  great  many, 
especially  young  girls,  suffer  from  eye  strain. 

I  have  given  this  matter  considerable  attention  for  a  long 
time,  and  I  am  constantly  consulted  by  individuals  who 
earn  a  livelihood  by  working  at  such  machines  six  to  eight 
hours  daily  and  in  some  cases  longer,  and  I  find  that  the 
arrangement  of  keys  has  much  to  do  with  those  afflicted 
with  ocular  disorders,  for  they  who  wrote  on  machines 
having  circular  key-tips  almost  always  had  eye  trouble. 

Among  the  many  patients  who  have  consulted  me,  I 
quote  from  one  who  has  been  using  various  machines  now 
on  the  market :  his  language  is  as  follows  : 

"  In  considering  the  various  type-writing  machines  now 
in  use,  and  the  effect  they  have  on  the  eyesight  of  those 
using  them,  I  will  make  use  of  but  three;  namely,  the 
Remington,  Caligraph  and  Hammond,  as  these  arc  the 
leading  machines  and  the  ones  most  in  use. 

**The  key-board  of  the  Remington  machine  contains 
thirty-eight  keys,  circular  in'  form,  with  the  letters  printed 
on  white  paper  covered  with  glass.  On  account  of  their 
arrangement,  shape,  size  and  color,  they  are  very  confusing, 
having  a  tendency  to  run  together. 

"I'he  Caligraph  has  this  same  fault  in  a  much  more 
aggravated  form,  from  the  fact  of  its  having  a  larger  num- 
•  ber  of  keys,  thus  tending  to  add  to  the  confusion  or  running 
tendency  which  a  multiplicity  of  keys  produces. 

**  The  Hammond  has  its  Vr-v-hoird    ir^in-T-od   in  the  form 
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of  a  semi-circle,  each  key  being  made  of  ebony  wood  and 
shaped  somewhat  like  a  piano  key,  with  the  letter  cut  on 
them  and  filled  with  white  enamel.  The  thirty  keys  repre- 
sent, collectively,  ninety  characters,  having  fewer  keys  and 
more  characters  than  any  other  machine,  and  yet  the  keys  are 
made  of  such  material,  color  and  shape  that  they  do  not 
tire  the  eyes  in  using  them." 

This  patient  has  been  using  type-writing  machines 
almost  constantly  for  the  past  five  years ;  during  the  first 
two  years  he  used  a  machine  with  round  finger  tips  or 
keys,  and  he  always  experienced  a  burning  sensation  in  the 
eyes  as  if  small  particles  of  sand  had  lodged  under  the  lids  ; 
the  smaller  blood  vessels  looked  congested  and  these  symp- 
toms became  so  aggravated  that  he  consulted  my  assistant 
(I  being  in  Europe  at  the  time),  to  see  if  something  could 
be  done  to  relieve  him  from  his  misery.  He  could  not  read 
at  night  after  working  through  the  day.  Prior  to  using 
this  machine  he  had  had  no  eye  trouble  of  any  kind.  My 
assistant,  who  made  a  careful  examination,  found  that  he 
had  no  visual  defect.  He  exchanged  his  type-writing 
machine,  and  after  three  years'  constant  use  he  has  had  no 
further  trouble  with  his  eyes. 

Another  patient,  who  has  had  a  somewhat  similar  expe- 
rience, tells  me  that  while  she  has  never  used  the  Ideal 
Hammond,  the  black  keys  of  the  Caligraph  are  less  hurtful 
to  her  eyes  than  the  white  keys  of  other  machines. 

Before  a  writer  becomes  so  proficient  that  he  can  per- 
form his  work  automatically,  his  eye  strain  must  be  enor- 
mous. If  any  visual  defect  exists  I  presc^ribe  the  proper 
glasses,  and  if  round  finger  tips  or  keys  are  used  I  advise  a 
change  to  be  made  to  machines  having  rectangular  keys, 
which  I  find  are  the  least  hurtful  to  the  eyes. 

Another  source  of  eye  strain  is  produced  by  constant 
reading  in  railway  carriages.  I  have  often  been  impressed 
by  the  avidity  of  passengers  seizing  their  morning  paper 
and  devouring  column  after  column  to  and  from  their  places 
of  destination.     On  account  of  the  oscillatinor  movements  of  . 

o 

the  car  the  paper  is  held  inside  the  proper  reading  distance; 
this  is  done  to  get  a  larger  image  of  the  reading  matter,  but 
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in  doing  so  the  muscles  of  accommodation  as  well  as  the 
converging  muscles  are  kept  on  a  severe  strain. 

These  same  men  pass  rapidly  from  station  to  their  places 
of  business,  neither  looking  to  the  right  nor  left  of  them, 
but  with  thought  intent  and  fixed  gaze  they  still  hold  these 
muscles  with  a  strong  grip ;  all  day  at  business  the  same, 
and  a  repetition  of  the  morning's  work  upon  the  train  home- 
ward bound  at  night,  and  so  for  ten  or  twelve  hours  those 
patient  eyes  are  forced  to  work,  which  keeps  up  the  strain, 
and  on  account  of  the  tension  more  blood  is  brought  to  the 
parts,  which  in  a  short  time  produces  failing  sight  and 
chronic  congestion  of  the  eyelids  and  eyeballs. 

We  must  not  forget  that  a  certain  amount  of  recreation 
is  not  only  conducive  to  good  health,  but  is  absolutely 
necessary  to  preserve  the  same.  Men  who  are  constantly 
employed  either  at  reading,  drawing,  adding  up  columns  of 
figures  or  near  work  of  any  kind,  should  take  short  intervals 
of  eye  rest,  especially  those  working  upon  white  or  glazed 
paper,  wood-engravers  or  etchers.  Nothing  gives  such  eyes 
greater  relief  than  a  green  disc  or  square  of  suflficient  size, 
suspended  on  a  direct  line  of  vision  at  or  against  a  wall  on 
which  the  eyes  can  rest;  but  best  of  all  if  that  individual 
can  look  upon  a  green  grass  plot  or  green  trees. 

School-rooms,  instead  of  having  blank  walls,  would  be 
a  source  of  great  comfort  to  the  overtaxed  eyes  of  children 
if  they  were  decorated  with  pastoral  scenes,  or  any  picture 
representing  long  distances. 

Since  the  above  was  written,  I  have  had  an  inter\'iew 
with  Mr.  Paul  Kavanagh,  Chairman  of  Public  School  prop, 
erty  of  this  city,  and  he  tells  me  that  this  idea  has  in  a  mea- 
sure been  adopted  in  the  F.  M.  Drexel  School,  Sixteenth 
and  Moore  Streets.  The  walls  are  not  only  decorated  with 
maps,  but  also  with  pictures  of  animals  inhabiting  certain 
portions  of  the  globe.  For  instance,  the  map  of  Africa  sh«>w. 
ing  the  black  race,  also  that  it  is  the  land  of  the  elephant,  etc. 

These  drawings  or  pictures  not  only  make  school. ro<»ms 
attractive,  but  what  is  more  important,  give  the  eyes  a  rest, 
while  these  same  pictures  are  another  means  in  the  dcveloj>- 
ment  of  the  minds  of  the  smaller  children  by  object  les.sons. 
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One  of  the  most  prominent  and  popular  professors^  in 
the  Bovs'  High  School,  who  speaks  with  an  experience  of 
twenty-five  years,  tells  me  that  he  has  found  the  old- 
fashioned  school  maps  with  their  glazed  surfaces  not  only 
injurious  to  vision,  but  on  account  of  their  highly  reflective 
surfaces  difficult  to  see  from  certain  positions.  This  style  of 
map  should  have  been  banished  from  school-rooms  years  ago. 

Pictures  in  which  great  distances  are  shown  are  the  best 
for  sitting-rooms.  Th^  drop  curtains  in  theatres  should 
have  scenes  painted  on  them  showing  great  perspective  ;  it 
is  a  rest  to  the  eyes  after  the  concentrated  effort  made  in 
tr>nng  to  watch  the  facial  expressions  or  eyes  of  an  actor,  to 
look  upon  such  a  picture.  The  success  of  Russell  Smith's 
scenic  paintings  on  drop  curtains,  was  that  he  always  gave 
great  perspective  to  his  drawings. 

Several  theatres  in  this  city  have  drop  curtains  in  which 
perspective  is  absent,  and  the  result  is  that  no  relief  is 
given  the  eyes  after  each  act,  and  people  with  the  least 
visual  defect  always  suffer  from  eye  strain  after  spending 
an  evening  in  such  places  of  amusement. 

Individuals  who  have  to  earn  a  livelihood  with  the  pen 
should  write  on  paper  tinted  green,  blue  or  yellow.  French 
authors  use  green  tinted  paper  and  say  that  they  are  greatly 
relieved  from  eye  strain  by  doing  so. 

It  is  essential  to  preserve  good  sight  by  such  means  as 
will  not  interfere  with  good  health,  and  the  first  step  in  that 
direction  is  to  have  plenty  of  light  and  air ;  not  the  heated 
atmosphere  of  the  average  American  business  place  or 
home.  I  am  sure  that  this  high  temperature  helps  to  ruin 
people's  eyes  more  than  we  like  to  admit ;  too  much  light, 
especially  if  it  be  reflected,  is  particularly  injurious  ;  it  pro- 
duces an  overstimulation  to  the  retina. 

From  what  I  have  gathered  from  clinical  observation,  I 
find  that  a  lesser  quantity  of  light  is  less  injurious  to  an 
eye  than  an  excessive  bright  light.  For  example,  miners 
have  less  visual  defect  than  machinists  who  work  under 
electric  lights. 

♦  Prof.  E.  J.  Houston. 
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The  eye  is  so  delicately  adjusted  that  if  one  were  to  heed 
its  warnings  very  little  injury  would  result  to  it,  but  unfor- 
tunately men  and  women  alike  seem  to  think  that  at  all 
times  and  under  all  physical  conditions  can  this  little  organ 
be  kept  at  high  pressure :  they  never  think  that  general 
diseases  or  such  as  usually  manifest  themselves  in  other 
organs  may  dev^elop  special  eye  diseases. 

After  the  last  epidemic  of  "  la  grippe  "  I  was  particu- 
larly impressed  with  the  large  number  of  patients  com- 
plaining of  the  loss  of  power  of  the  converging  muscles  of 
the  eye.  Upon  investigation,  I  found  that  while  these 
patients  were  confined  either  to  bed  or  home,  they  would 
read  incessantly. 

The  result  of  this  overtaxation  was  weakened  eye 
muscles,  while  so  long  as  they  remained  unsupported  by 
prisms  the  patient  suffered  with  pain  over  the  eye  region, 
headaches  and  other  evidences  of  eye  strain. 

Individuals  when  suffering  from  any  depressing  disease 
should  be  guarded  as  to  the  length  of  time  they  read  or  per- 
form near  work,  as  they  should  be  to  physical  exertion  of 
any  kind. 

It  is  not  my  purpose  togointoadi.scussion  of  the  medical 
side  of  the  many  injuries  the  eye  receives  in  an  indirect 
way,  but  persons  who  have  a  predisposition  to  catarrhal 
ailments,  a  rheumatic  or  strumous  diathesis,  must  carefully 
avoid  all  sudden  changes  of  temperature  or  sudden  exposure 
of  any  kind,  as  the  eye  not  infrequently  becomes  the  culmi- 
nating point  of  disease.  I  have  seen  such  people  greatly 
frightened  by  the  sudden  appearance  of  Hying  specks  before 
their  eyes. 

People  prone  to  over-eating  with  little  or  no  exercise  fre- 
quently have  this  condition  as  well,  which  is  known  to  the 
profession  as  **  Musca:  Volitantes."  They  are  not.  as  mr.ny 
people  think,  the  forerunners  of  cataracts  or  blindness — in 
fact,  so  long  as  they  remain  minute  specks  they  arc  harm- 
less. One  thing  they  point  to,  and  that  is,  the  eye  should 
have  rest  and  the  body  made  to  work  :  an  inverse  condition 
of  affairs  should  be  brought  aibout  to  that  usually  existing; 
plenty  of  outdoor  exercise  and  very  little  near  work  upon 
white  paper. 
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The  state  of  the.  mind  has  much  to  do  with  vision. 
Violent  affections  or  great  passion,  long  continued  grief  and 
care,  cause  a  diminution  of  the  eyesight.  It  is  recorded  that 
extreme  terror  has  induced  blindness;  violent  anger  or  rage 
lessens  the  acuity  of  vision  to  a  marked  degree.  All  this 
acts  like  so  many  corroding  cares  perpetually  undermining 
the  stock  of  good  sight  Nature  has  given  us. 

The  Archbishop  of  Seville,  who  died  at  the  age  of  no, 
when  asked  the  secret  of  his  longevity  and  good  eyesight, 
said,  "  By  being  old  when  I  was  young,  I  find  myself  young 
now  I  am  old." 

There  is  one  form  of  visual  defect  to  which  I  have  called 
attention  in  my  former  lectures  before  this  Institute,  and 
that  is  color-blindness. 

In  this  discourse  I  shall  allude  to  it  not  as  a  congenital 
defect,  but  as  an  acquired  condition  brought  about  by 
abuses. 

The  early  history  of  cases  of  color-blindness  have  been 
imperfectly  recorded  ;  one  goes  back  to  1684,  and  her  case 
is  recorded  by  Dr.  Dawbeny  as  one  whose  vision  was 
excellent  but  unable  to  appreciate  any  other  color  than 
white  or  black,  although  she  could  often  read  for  nearly  a 
quarter  of  an  hour  in  the  greatest  darkness.  Another  case 
which  is  recorded  more  in  detail  is  described  by  Robert 
Boyle,  who  writes,  on  p.  599,  vol.  3,  whose  philosophical 
works  were  published  in  1725,  as  follows: 

"  Two  things  were  particularly  odd  in  this  case  (he 
speaks  of  a  gentlewoman  twenty  years  of  age).  First,  she  is 
often  troubled  with  flashes  of  lightning  that  seem  to  issue 
out  like  flames  about  the  external  angle  of  her  eye,  and 
often  make  her  start,  put  her  into  frights  and  give  her 
melancholy  thoughts. 

"  Secondly,  what  is  more  strange  and  singular,  she  can 
distinguish  some  colors  as  black  and  white,  but  not  others, 
especially  red  and  green.  And  when  I  produced  her  a  bag 
of  fine  glossy  red,  with  tufts  of  sky-colored  silk  (blue)  she 
looked  attentively  upon  it,  but  told  me  that,  to  her,  it  did 
not  seem  red,  but  of  a  dark  or  dirty  color,  and  the  (blue) 
tufts  of  silk,  she  said,  seemed  to  be  of  a  light  color,  which 
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she  compared  to  the  silken  stuff  of  the  petticoat  worn  by 
the  lady  who  brought  her  to  me,  and,  indeed,  the  blues  were 
very  much  alike. 

*'  vShe  further  said,  that  the  meadows  did  not  appear  green, 
but  of  an  odd  darkish  color,  and  that  when  she  had  a  mind 
to  gather  violets,  though  she  kneeled  in  the  place  where 
they  grew,  she  could  not  distinguish  them  by  the  color, 
from  the  grass  about  them,  but  only  by  their  shape  or 
touch.  And  the  lady  who  was  with  her  took  thence  occa- 
sion to  tell  me,  that  when  she  looks  upon  a  Turkey  carpet, 
she  cannot  distinguish  the  colors,  unless  of  those  parts 
which  were  white  or  black." 

Medical  records  show  that  this  subject  remained  undis- 
turbed until  Dalton  described  his  own  case  in  1794,  and  he 
appears  to  have  been  in  ignorance  of  Boyle's  writings. 
After  this  period,  it  was  called  *' Daltonism,"  and  even  to 
this  day  it  is  sometimes  known  by  this  same  name. 

In  1846,  Prof.  Wartmann's  elaborate  paper  was  translated 
and  published  in  Taylor  s  Scientific  Memoirs,  but  it  was  left 
to  Dr.  George  Wilson,  of  Edinburgh,  who,  in  1853,  con- 
tributed elaborate  articles  to  the  EdinburgJi  Monthly  Journal 
of  Medical  Sciences,  and  in  1855  published  the  best  book 
written  in  English  on  the  subject.  Since  Wilson's  day, 
many  articles  have  appeared  on  this  subject ;  among  our 
own  countrvmen,  Dr.  B.  Jov  Jeffries,  of  Boston,  takes  the 
lead. 

A  continuation  of  the  knowledge  of  colors  is  ver}* 
important,  when  we  know  that  engine  drivers  or  men  on 
ocean  steamers  have  daily  to  peril  human  life,  **on  the  indi- 
cation of  a  colored  Hag  or  light." 

Congenital  color-blindness  is  easily  detected,  and  color- 
blinds  rarely  apply  for  important  positions  in  which  color 
plays  a  role  in  the  occupation.  It  is  after  men  have  secured 
a  i)os!tion  and  are  consumers  of  tobacco  or  have  passed 
through  a  severe  illness,  that  they  should  again  be  made  to 
undergo  examinations,  for  tobacco,  quinine  and  santonine 
enter  largely  into  the  class  of  drugs  which  might  produce 
such  a  defect. 

Prof.  John  Speillcr  recently  read  a  paper  on  the  effect  of 
Vol    CXX.XIII.  y> 
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santonine  produced  upon  his  color  sense,  which  from  a 
scientific  point  of  view  is  interesting.  I  would,  therefore, 
repeat,  that  all  men  such  as  engine  drivers  and  seamen, 
should  undero-o  an  examination  for  color-blindness  at  least 
twice  a  year. 

Dickens  says  somewhere  that  ''nothing  is  sure  in 
this  world  but  death  and  the  tax  collector."  I  may  add, 
that  when  the  majority  of  people  reach  their  forty-fifth 
year,  they  are  sure  of  falling  into  the  hands  of  the  oculist 
and  the  optician. 

One  of  the  first  concomitants  of  age,  is  acquired  farsight- 
edness or  presbyopia.  This  necessitates  wearing  certain 
glasses  for  near  work. 

Whenever  a  man  or  woman  about  forty-five  years  of  age 
finds  himself  or  herself  reading  or  threading  a  needle  at 
arm's-length,  their  action  tells  that  the  little  muscle  govern- 
ing the  accommodation,  is  growing  weak  and  needs  assist- 
ance. By  persisting  in  forcing  this  muscle  to  work,  much 
injury  is  done  to  the  eyes,  but  by  having  it  corrected,  many 
a  frown  would  be  saved  to  man  and  many  a  wrinkle  to 
woman. 

Xot  only  is  it  important  to  get  glasses,  but  of  more 
importance  still  is  it  to  see  that  you  get  the  kind  suitable 
for  each  eye.  It  is  -comparatively  rare  to  find  two  eyes 
exactly  alike,  and  the  aid  of  an  ophthalmic  surgeon  who  is 
not  only  competent  theoretically  but  practically  should  be 
sought. 

Our  city  is  noted  for  its  skilled  opticians,  but  it  is  also  to 
the  discredit  of  many  of  these  same  opticians  that  they  will 
sell  glasses  to  anyone  who  chooses  to  buy  them.  I  do  not 
for  a  moment  entertain  the  thought  that  trained  opticians 
cannot  give  glasses  which  will  answer  a  given  purpose  ;  nay, 
I  am  sure  that  they  can  correct  the  simpler  forms  of  pres- 
byopia as  well  as  any  ophthalmic  surgeon  and  optician. 

Men  whose  knowledge  is  acquired  by  long  experience  are 
often  much  more  useful  than  those  having  a  theoretical 
knowledge  only.  When  the  optician  finds,  however,  that  the 
vision  is  not  the  same  in  each  eye,  or  where  astigmatism 
exists  and  the  patient  complains  of  symptoms  now  recognized 
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as  eye  symptoms,  then  his  province  ends  and  the  ophthalmic 
surgeon's  work  beg"ins. 

At  one  time  the  druggist  could  exercise  the  prerogatives 
of  the  physician ;  is  it  of  lesser  import  that  the  optician 
should  assume  the  prerogatives  of  an  ophthalmic  surgeon  ? 
If  the  law  now  prevents  the  one  from  prescribing  drugs,  the 
other  should  also  be  prevented  from  prescribing  glasses, 
outside  of  a  certain  range  of  years,  or  certain  physiological 
conditions. 

As  age  increases,  excessive  reading,  writing  or  work 
upon  very  small  objects  must  not  be  persisted  in,  especiallv 
if  the  eyes  grow  tired.  It  must  be  remembered  that  the 
elasticity  of  the  eyeball  is  lost  and  any  persistent  effort  may 
produce  hemorrhage  in  the  retina,  or  such  a  strain  as  may 
lead  to  other  serious  troubles. 

Old  people  should  be  careful  not  to  read  \vith  a  strong 
artificial  light  falling  on  a  white  glazed  surface.  It  would 
be  better  for  such  people  if  our  monthly  magazines  were 
printed  on  ])aper  of  a  neutral  tint. 

I  now  come  to  speak  of  cataracts,  the  most  common  form 
of  eye  disease  in  elderly  people  ;  and  being  S(j  common,  it  is 
astonishing  in  these  enlightened  days  that  the  majority  of 
people  still  believe  the  cataract  to  be  a  skin  growing  over 
the  eyes. 

In  Wgon  i>C/iirurgerie,  published  in  1571, 1  quote  as  inter- 
esting reading  his  description  of  a  cataract :  "  Oftentymes, 
there  descend  from  the  head  certayne  grosse  and  flcgmatyke 
humors  covering  the  apple  of  the  eye  and  there  remaining, 
and  engrossed  and  made  thyck.  which  is  named  of  tlie  doc- 
tors, Cataract." 

It  was  not  until  about  1700  or  a  few  years  later  that  the 
real  seat  of  cataract  was  understood ;  until  this  time  it  was 
supposed  by  the  medical  men  and  oculists  to  be  a  growth 
or  a  skin  as  described  above,  and  like  so  many  sayings,  was 
handed  down  from  one  generation  to  another  and  has  lived 
to  this  day. 

The  removal  of  cataract  can  only  be  performed  by  an 
operation.  The  history  of  operations  for  the  removal  of 
cataracts  date  from  the  remotest  antiquity.     It  was  known 
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in  Egypt  under  the  reign  of  Ptolomy-Soter;  traces  of  it  are 
found  in  the  "  most  ancient  traditions  of  Hindustan  and  the 
Chinese  empire."  Galen  states  that  in  his  time  there  were 
oculists  at  Ronie  and  x\lexandria  who  exclusively  practised 
this  operation.  In  ancient  and  comparatively  recent  times 
the  operation  was  performed  by  thrusting  a  needle  into  the 
eyeball  a  short  distance  behind  the  cornea,  and  turning  the 
opaque  lens  downward  or  dislocating  it  completely ;  this 
removal  of  the  cataract  aided  by  a  convex  lens  then  gave  the 
patient  vision. 

The  operation  followed  by  ophthalmic  surgeons  to-day  is 
entirely  different ;  an  incision  is  made  through  the  cornea 
with  a  delicate  knife,  and  the  cataract  or  opaque  lens 
removed  through  this  opening. 

Many  individuals'  with  cataracts  dread  its  removal,  but 
with  the  aid  of  that  powerful  drug  cocaine  (which  I  do  not 
believe  the  ancients  knew  anything  about,  and  is  possibly 
one  of  the  few  new  things  under  the  sun),  and  a  skilled  hand, 
successful  restoration  to  vision  is  almost  always  anticipated. 

Of  all  the  special  organs  of  sense  the  eye  stands  promi- 
nent among  them  all,  like  a  barometer  to  indicate  the 
physical  condition  within  the  body. 

When  patients  are  brought  to  us  with  red  or  inflamed 
eyelids  and  a  history  of  a  succession  of  sties,  do  we  simply 
give  eye  salves  ?  No  !  First,  we  seek  for  causes  more  remote 
and  find  them  in  defective  vision. 

When  ulcers  of  the  cornea  exist,  it  shows  that  the  blood 
must  be  impoverished  and  food  is  not  assimilated. 

When  that  white  band  around  the  outer  edo^e  of  the 
cornea  called  the  "  Arcus  Senilus  "  is  visible,  what  does  that 
indicate  ?  Your  physician  will  tell  you  that  fatty  degenera- 
tion of  muscular  tissues  is  taking  place,  and  nothing  must 
be  done  to  produce  over-action  of  the  heart. 

When  the  eyelids  are  puffy  and  seem  to  be  filled  with 
fluids,  it  tells  the  observing  physician  facts  more  potent 
than  words. 

The  pupils  of  the  eyes  speak  for  changes  going  on  in 
the  brain  or  upper  portion  of  the  spinal  cord,  and  when  we 
examine  the  interior  of  the  eye  with  the  ophthalmoscope, 
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what  a  new  world  is  unfolded  to  the  observing  and  keen 
ophthalmic  surgeon  I  We  are  thtis  able  to  tell  whether  a 
patient  is  suffering  from  tumor  of  the  brain  or  meningitis, 
Bright's  disease  or  diabetes. 

In  this  lecttire  I  have  tried  to  call  attention  to  many 
evils  which  not  only  directly  injure  health,  but  the  vision 
as  well.  It  is  a  melancholy  circtimstance  that  so  many 
young  persons  will  deliberately  tr\'  to  undermine  their  good 
health,  so  that  when  they  reach  the  age  of  fifty  in  years, 
they  are  at  least  seventy  in  aches  and  pains. 

"  Hard  toil  can  roughen  form  and  face, 

And  want  can  quench  the  eyes'  bright  grace. 

Nor  does  old  age  a  wrinkle  trace 

More  deeply  than  despair." 

— Miirmion. 

In  conclusion,  I  venture  to  give  you  a  few  more  hints  on 
the  care  of  vour  evesiorht : 

(i)  Avoid  sudden  changes  from  dark  to  brilliant  light. 

(2)  Avoid  the  use  of  stimulants  and  drugs  which  affect 
the  nervous  system. 

(3j  Avoid  reading  when  lying  down  or  when  mcntallv 
and  physically  exhausted. 

(4)  When  the  eyes  feel  tired,  rest  them  by  looking  at 
objects  at  a  long  distance. 

(5)  Pay  special  attention  to  the  hygiene  of  the  body,  for 
that  whicli  tends  to  promote  the  general  health  acts  benefi- 
cially upon  the  eye. 

(6)  Up  to  forty  years  of  age  bathe  the  eyes  twice  daily 
with  cold  water. 

(7)  Do  not  depend  on  your  own  judgment  in  selecting 
spectacles. 

(8)  Old  persons  should  avoid  reading  much  by  artificial 
light,  be  guarded  as  to  diet  and  avoid  sitting  up  late  at  night. 

(9)  After  fifty,  bathe  the  eyes  morning  and  evening  with 
water  so  hot  that  you  wonder  how  you  stand  it;  follow  this 
with  cold  water,  that  will  make  them  glow  with  warmth. 

(10)  Do  not  give  up  in  despair  when  yon  are  informed 
that  a  cataract  is  developing;  remember  that  in  these  days 
of  advanced  surgery  it  can  be  removed  with  little  or  no 
danger  to  vision. 
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\_Stated  meeting,  held  Tuesday,  May  ij,  i8g2.'\ 

Hall  of  the  Franklin  Institute, 

Philadelphia,  May  17,  1892. 

Dr.  Wm.  H.  Wahl,  President,  in  the  chair. 

A  paper  on  "  An  Improved  Method  of  Determining  Small  Percentages  of 
Gold  and  Silver  in  Base  Metal,"  by  Mr.  Cabell  Whitehead,  of  Washington, 
D.  C,  was  read  by  Dr.  D.  K.  Tuttle.  It  was  followed  by  an  interesting  dis- 
cussion. 

The  paper  was  referred  for  publication  in  the  Journal. 

Mr.  F.  Lynwood  Garrison  then  gave  a  number  of  views  of  the  recently 
conducted  armor-plate  tests  at  Indian  Head  proving  ground.  Mr.  Garrison 
discussed  the  results  of  these  tests  from  the  metallurgical  standpoint.  The 
complete  report  of  Mr.  Garrison  to  the  Institute  will  appear  in  the  Journal. 

Adjourned.  Wm.  C.  Day,  Secretary. 


An  improved  METHOD  of  DETERMINING  SMALL 

PERCENTAGES  of  SILVER  and  GOLD  in  BASE 

METALS,  MATTES,  etc. 


By  Cabell  Whitehead, 
Assayer  to  the    Mint  Bureau,  Washington,  D.  C. 


\_Read  at  the  stated  meeting  held  May  77,  iHg2.\ 

Any  one  having  frequent  occasion  to  report  the  values  of 
silver  and  gold  in  such  material  as  crude  copper,  copper 
mattes  or  ores,  metallic  iron,  zinc,  etc.,  will  appreciate  the 
advantages  of  a  method  which  affords  accurate  results  with 
little  expenditure  of  time.  The  large  production  of  pure 
copper  by  electrolytic  methods  from  silver-  and  gold-bearing 
copper  ores,  renders  some    such  method  very  desirable    in 
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view  of  the  various  transfers  of,  (i),  ores  to  the  smelters: 
(2),  mattes  to  the  refiners ;  and  last,  the  crude  copper 
to  the  electrolytic  refinery,  each  of  which  transfers  carries 
a  commercial  charge  of  the  bullion  contents. 

While  the  proposed  method  is  available  for  a  great 
variety  of  base  products,  it  will  perhaps  best  be  illustrated 
by  its  use  in  determining  the  silver  and  gold  contents  in 
crude  copper  or  the  mattes  resulting  from  bullion-bearing 
copper  ores.  The  adaptability  of  the  method  to  other  base 
metals  will  readily  suggest  itself  to  the  experienced  assayer. 

Given  a  crude  copper  or  matte  carrying  from  thirty 
ounces  of  silver  and  'lo  of  an  ounce  of  gold,  upward,  the 
usual  method  would  be  scorification.  It  is  usual  to  take  for 
assay  from  "05  to  i  assay  ton  to  each  scorifier,  with  which 
are  used  from  forty  to  fifty  grammes  of  test  lead,  one-half  of 
which  is  mixed  with  the  ore  in  the  scorifier  and  the  remain- 
der used  as  a  cover.  The  scorifier  is  now  introduced  into  a 
hot  muffle  and  the  door  closed  until  the  lead  is  melted,  when 
it  is  opened  and  about  one  gramme  of  borax  glass  placed  on 
the  lead.  Oxidation  begins  at  once  and  the  lead  and  base 
metals  are  rapidly  scorified  off  until  the  slag  covers  the 
metal,  when  the  assay  is  poured  into  a  mould.  If  the  lead 
button  still  retains  much  copper,  or  is  hard  or  brittle,  it  is 
again  scorified,  with  the  addition  of  more  test  lead  if  neces- 
sary. When  the  lead  button  is  soft  and  of  proper  size,  it 
is  cupelled  and  the  button  weighed  and  parted.  Several 
scorifications  are  sometimes  necessc-^ry  before  the  button  is 
ready  for  the  cupel. 

The  two  objections  to  this  method  are,  first,  the  loss  of 
silver  during  scorification  and  cupellation,  the  latter  due 
chiefly  to  the  copper  remaining  in  the  lead  which  it  is  prac- 
tically impossible  to  remove  in  the  scorifier,  and  which  takes 
silver  into  the  cupel.  These  losses  I  found  to  amount  10 
from  233  to  278  per  cent,  of  the  silver  present  in  the  cop- 
per. My  experiments  were  made  with  pure  copper  and  pure 
silver,  the  silver  being  added  in  the  proportion  of  100  ounces 
j)er  ton  of  alloy. 

The  second  objection  is  the  small  amount  of  bullion 
which  can  be  operated  upon,  which  necessitates  the  use  of 
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many  scorifiers  where  small  amounts  of  gold  are  to  be  esti- 
mated, which  is  usually  the  case. 

To  avoid  the  doubtful  results  of  scorification  processes, 
the  following  method  has  been  adopted  at  the  copper  works 
of  a  firm  having  large  interests  at  stake : 

One  assay  ton  of  copper  is  dissolved  in  nitric  acid,  diluted 
and  allowed  twenty-four  hours  to  settle.  The  solution  is 
now  filtered  from  the  slight  sediment  containing  the  gold. 
A  few  drops  of  hydrochloric  acid  are  added  to  the  filtrate 
and  the  solution  again  allowed  twenty-four  hours  for  silver 
chloride  to  deposit,  when  it  is  filtered,  washed  and  the  two 
filters  dried,  combined,  scorified  with  test  lead  and  cupelled. 
The  chief  objections  to  this  are,  (i)  the  time  required  ;  (2) 
the  small  amount  of  precipitate  obtained  and  the  danger  of 
loss  in  scorifying  silver  chloride;  (3)  the  greater  solubility 
of  silver  chloride  as  compared  with  the  bromide. 

While  the  method  used  at  these  works  is  an  advance 
over  previous  practice,  yet  the  time  employed  and  the 
uncertainties  indicated,  leave  much  to  be  desired.  The 
protracted  time  allowed  for  settling  is  necessitated  by  the 
exceedingly  fine  condition  of  the  gold  resulting  from  the 
solution  of  a  metal  carrying  possibly  from  -lo  to  5  ounces 
of  gold  per  ton  of  metal.  It  would  pass  through  a  filter 
unless  allowed  to  aggregate  by  standing. 

The  larger  quantity  (say  100  ounces)  of  silver  per  ton 
will  give  but  a  slowly  subsiding  cloud  (impossible  to  filter) 
when  newly  precipitated*  as  chloride.  The  scorification  of 
these  combined  precipitates,  one  of  them  being  silver  chlor- 
ide, cannot  give  results  quite  satisfactory,  despite  the  time 
involved,  some  forty-eight  hours  at  least. 

The  method  which  I  will  now  briefly  describe  was  devised 
to  meet  just  such  cases,  and  is  suitable  for  the  bullion  valua- 
tion of  zinc,  iron,  nickel,  etc.,  as  well  as  the  sulphides- and 
arsenides  of  iron  and  copper.  To  illustrate  the  proposed 
method,  which  has  been  found  effective  and  useful,  the 
treatment  is  detailed  for  a  crude  metallic  copper  carrying 
both  silver  and  gold.  It  will  be  understood  that  sodium 
bromide  is  chosen  as  a  precipitant  because  of  the  greater 
insolubility  of  silver  bromide   over  the  chloride,   and  also 
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that  the  soluble  lead  salt  is  added  in  order  that  the  heavy 
precipitate  of  lead  bromide  may  envelop  and  promptly  carry 
down  the  silver  bromide  cloud,  which  otherwise  would 
require  long-  waiting  for  its  subsidence,  as  well  as  to  furnish 
the  lead  necessary  for  cupellation. 

Weigh  out  from  one  to  four  a.  t.,  depending  upon  its 
richness,  place  it  in  a  beaker  of  500  cc.  capacity  and  add 
gradually  enough  nitric  acid  to  dissolve  it  completely,  heat 
until  red  fumes  cease  to  come  off,  dilute  with  water  and  add 
fifty  grammes  of  lead  acetate,  stir,  and  when  dissolved,  add 
one  cc.  dilute  sulphuric  acid  and  allow  the  lead  sulphate  to 
settle.  Filter  into  a  1,000  cc.  flask  and  fill  to  the  mark 
with  distilled  water. 

The  filter  contains  the  gold  which  has  been  collected  and 
carried  down  by  the  sulphate  of  lead.  The  filter  paper  and 
precipitate  are  dried,  the  paper  burned  and  the  ash  and  lead 
sulphate  scorified  with  test  lead.  The  button  is  cupelled 
and  the  gold,  with  any  trace  of  silver  it  may  contain,  is 
weighed.  Add  silver  and  part  the  gold  in  the  usual  way. 
Note  the  amount,  if  any,  of  silver  found  and  include  the 
proper  proportion  of  the  amount  with  that  found  in  the 
solutions  as  about  to  be  described. 

In  order  that  there  may  be  a  control  assay,  the  solution 
is  divided  into  two  equal  parts,  to  each  of  which  a  saturated 
solution  of  sodium  bromide  is  added  with  constant  stirring 
as  long  as  a  precipitate  is  produced.  The  precipitates  settle 
quickly  and  filter  and  wash  well.  Cold  water  only  should 
be  used,  and  the  washing  be  continued  until  the  washings 
are  free  from  copper.  Any  bromide  of  lead  dissolved  during 
the  washing,  may  be  neglected,  as  I  have  never  found  it  to 
contain  more  than  a  trace  of  silver,  even  when  assaying 
ores  carrying  many  thousand  ounces. 

The  precipitate  when  dry  can  be  brushed  from  the  paper 
without  difiiculty,  and  thus  the  trouble  of  burning  the  filter 
is  avoided.  The  bromides  are  now  mi.xed  with  three  times 
their  weight  of  carbonate  of  soda  and  a  small  amount  of 
flour  or  other  reducing  agent,  placed  in  a  small  crucible, 
covered  with  borax  glass  and  melted  down  in  the  muflle. 
The  button  should  weigh  about  two  grammes  and  be  free 
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from  copper  and  other  injurious  impurities.  This  button  is 
cupelled  at  a  low  temperature,  so  that  the  cupel  ''feathers" 
nicelv.  The  time  required  is  from  three  to  five  minutes. 
Duplicate  assays  usually  agree  within  two-tenths  of  an  ounce 
per  ton. 

The  following  examples  are  from  copper  bullion : 

Oz.  0~.  Oz. 

No.   I silver  6r30         6r2o  gold  "lo 

No.  2 "       63-45         63-30  "     -17 

Had  the  gold  button  contained  silver,  one-half  of  its  sil- 
ver contents  would  have  been  added  to  the  silver  recovered 
from  the  solutions,  since  the  gold  is  estimated  on  the  whole 
weiofht,  while  two  determinations  of  silver  are  made  on  the 
same  weight. 

The  following  is  an  example  from  a  silver-bearing  cast 
iron  from  the  U.  S.  Mint  at  Philadelphia.  It  was  dissolved 
in  nitric  acid,  diluted  and  precipitated  with  lead  and  sodium 
bromide.  After  washing,  the  bromides  were  dried  and 
brushed  from  the  filter.  No.  i  was  mixed  with  ten  grammes 
of  litharge,  a  little  flour,  the  usual  amount  of  soda  and 
covered  with  borax.  Melted  down  and  cupelled,  the  button 
gave  30'8o  ounces  per  ton.  No.  2  was  mixed  with  test  lead 
and  borax  and  scorified.  It  gave  29*90  ounces  per  ton,  '90 
of  an  ounce  less  than  No.  i.  However,  this  would  be  con- 
sidered a  very  close  agreement  by  the  old  method. 

The  following  is  an  ore  from  Colorado,  very  base  and 
with  a  gangue  of  sulphate  of  barium.  It  proved  very 
unsatisfactory  to  assay  by  scorification,  duplicates  not 
agreeing  at  all.  The  ore  was  treated  with  nitric  acid  and 
filtered,  the  residue  being  assayed  separately. 

The  following  are  my  results : 

No.  I.     Oz.         No.  2.     Oz. 

Residues 32-50  35'95 

Solutions 454*90  453*30 

As  a  total 487'40  489*25 

Difference  of r8o 

Gold  was  not  separated  in  the  residues.  The  highest 
assay  gotten  by  scorification  was  about  467  ounces,  which 
shows  twenty  ounces  in  favor  of  the  new  method,  with  a 
reasonably  close  agreement  in  different  assays. 
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Electrical   Section 


Kranklix    Institute. 


\Stated  meeting  held  Tuesday,  ^f^ly  j,  iSg2.'] 

Hall  of  the  Franklin  Institute. 

Philadelphia,  May  3.  1892. 

Prof.  Edwin  J.  Houston,  President,  in  the  chair. 

Present,  thirty  members  and  visitors. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

The  Treasurer  reported  the  cash  bahince  in  the  treasury,  and  presented 
bills  for  printing,  which  were  approved  and  ordered  paid, 

<!)ne  nomination  to  membership  was  referred  to  the  Committee  on  .Xdmis- 
sions. 

The  proposed  amendment  to  the  by-laws  substituting  the  word  p>urth  for 
fitst,  in  Article  II,  Section  i,  so  that  it  reads:  "The  slated  mectinjjs  of  the 
Section  shall  be  held  on  the  fourth  Tuesday  of  each  month,  at  8  1*.M..  except 
during  the  months  of  July  and  August,"  was  voted  upon  and  adopted. 

This  by-law  was  then  temporarily  suspended  upon  motion  that  the  next 
regular  meeting  shall  be  held  Tuesday,  .May  31,  1892. 

Mr.  Paul  \.  M.  W'inand  read  a  paper  on  "Some  Points  Regarding  Multi- 
phase Current."  illustrated  by  black-board  sketches  and  ingenious  working 
models.  To  be  continued  at  next  meeting,  and  referred  for  public.it:  -n. 
In  discussion  thereon,  .Mr.  Carl  Hering  stated  that  he  thought  the  trtm 
mulliphase  usually  applied  to  currents  of  two  or  three  phases,  and  polyphaa 
to  those  of  more  than  three.  He  and  Mr.  \Vm.  S.  Aldrich  described  other 
diagrammatic  methods  of  representing  the  variations  in  alternatmg  currents. 

Mr.  Carl  Hering  read  a  paper  on  "  Ampore-Cenlimetre  :  .\  Measure  of 
Electro-magnetism."  It  elicited  considerable  discussion,  and  was  referred  for 
publication. 

The  meeting  then  adjourned. 

L,  F.  RONUINF.LLA.  Secrttapy, 
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COXSTiVNT   SHUNT   METHOD  for  the    MEASURE- 
MENT  OF  LARGE  CONTINUOUS  CURRENTS. 


By  Clayton  W.  Pike. 


\Rcad  at  the  stated  meeting  of  the  Section,  held  March  i,  i8g2.'] 

The  constant,  Vienna  or  Munich,  shunt  method,  as  it  is 
variously  termed,  is  something  which  is  by  no  means  novel 
and  is,  indeed,  well  known  to  some  of  the  section,  having  * 
been  used  by  them  at  the  Electric  Exhibition  of  the  Insti- 
tute, in  1884.  But  I  believe  that  the  method  is  not  so  well 
known,  or  at  least  not  so  much  in  use  as  it  should  be,  and  I 
hope,  by  calling  attention  to  some  of  its  advantages  and  by 
pointing  out  and  showing  how  to  avoid  certain  errors  inci- 
dent to  it,  one  or  two  of  which  are  not  generally  known,  to 
do  something  toward  bringing  it  into  more  general  use. 

For  the  measurement  of  continuous  currents  we  have  the 
various  forms  of  ammeter,  the  Siemens  dynamometer,  the 
Thomson  platform  galvanometers,  and  the  Thomson 
balances,  the  tangent  sine  and  cosine  galvanometers.  With 
the  objections  to  the  ammeters  all  are  doubtless  familiar. 
They  are  inaccuracy  of  graduated  scale,  errors  due  to 
residual  magnetism  or  to  loss  of  permanent  magnetism, 
and  lack  of  wide  range.  The  Thomson  platform  galva- 
nometer does  not  measure  large  currents  without  the  use  of 
the  permanent  magnet  which  is  objectionable  if  consider- 
able accuracy  is  desired,  and  it  requires  a  knowledge  of  the 
horizontal  component  of  the  earth's  magnetism  H.  The 
Thomson  balance  is  an  instrument  of  much  greater  value 
than  the  above,  being  independent  of  H,  having  greater 
range  and  greater  precision,  but  being  even  more  costly. 

The  tangent  galvanometer  requires  the  value  of  H,  and 
has  only  a  limited  range,  which  the  sine  and  cosine,  though 
better  in  this  last  respect,  are  tedious  to  use  on  account  of 
time  required  in  setting  the  coils. 

The  great  advantage  of  the  shunt  method  over  all  these 
is  that,  by  the  aid  of  fairly  simple  and  cheap  apparatus, 
currents  varying  from  one  to   1,000  amperes  or  more  may 
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be  measured  with  quickness  and  a  very  great  degree  of 
accuracy  over  the  whole  range. 

The  shunt  method  is  really  a  comparison  method,  and 
depends  upon  Ohm's  law  that  the  potential  difference 
between  two  ends  of  a  resistance  is  proportional  to  the 
current  flowing  through  the  resistance. 

Let  A  B  be  a  conductor  whose  temperature  is  kept  con- 
stant, its  resistance  will  therefore  be  constant,  but  need  not 
be  known.  Pass  the  current  (T,  which  we  desire  to  measure 
through  A  />,  there  will  then  be  a  potential  difference  P  D 
between  A  and  B. 

Let  (7  be  a  mirror  galvanometer  with  telescope  and  scale, 
then  the  deflection  d'\s,  proportional  to  the  current  through  it, 
which  is  proportional  to  P  D^  as  long  as  resistance  of  gal- 
vanometer and  leads  is  constant,  </,  n.  P  i9,  or  d^  a  (7,. 

Pass  any  other  current  C  through  .  /  B  then  dy  a  C^  and 


C  —  "' 


dX, 

d. 


If  the  resistance  of  the  galvanometer  and  leads  be  not 
constant,  the  algebraical  result  is  less  simple  and,  moreover 
if  the  deflections  become  very  large,  they  are  not  strictly 
proportional  to  the  current  through  the  galvanometer  which 
we  will  call  C g.  Hence  the  comparison  of  large  with  small 
currents  will  be  somewhat  inaccurate.  This  leads  us  to  a 
little  different  method.  Place  a  resistance  box  A'  in  the 
galvanometer  circuit.  Pass  current  C*,  through  A  />,  causing 
a  potential  difference  P  />,,  and  sending  through  (7  a  current 

where  j,'-  is  the  galvanometer  resistance. 
ThJn 


or 


in  the  same  way 


A', +ir 

C,  a  </,  (A',  +  g) 
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then 

or 

r  =3  ^1  (^i  +  g)  r 

'      4(^2+.-)    ' 

Now,  if  when  C  were  flowing  we  had  accurately  measured 


it  by  a  tangent  galvanometer  or  by  the  electrolytic  cell,  the 
quantity 


Q 


4  (^2  -f  g) 

would  be  known.  Call  it  K  the  constant  of  the  shunt.  -Then 
we  have  the  general  formula  for  the  shunt  that  the  current 
whose  value  we  desire  is  equal  to 

Now,  by  using-  the  resistance  box,  and  by  adjusting  it  to 
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give  about  the  same  deflections  on  the  galvanometer  in  dif- 
ferent measurements  we  have  secured  two  important 
advantages. 

(i)  We  have  done  away  with  the  error  of  assuming 
that  the  currents  through  the  galvanometer  was  strictly 
proportional  to  its  deflections. 

(2)  The  resistances  A'  being  large  in  value  with  reference 
to  galvanometer  and  leads,  and  being  of  platinoid  or  some 
metal  with  very  low  temperature  coefficient,  any  change  in 
temperature  of  galv^anometer  and  leads  will  produce  little 
effect  on  the  result. 

Like  all  other  methods  this  one  is  liable  to  certain 
errors,  some  of  which  I  will  mention  and  briefly  suggest  their 
remedies.  The  way  in  which  they  affect  the  result  will  also 
be  stated. 

(i)  Reading  of  Deflection. — Suppose  you  could  read  to 
within  01  cm.  on  the  scale.  If  the  deflection  were  10  cm. 
the  error  would  be 

•01  ^  . 

—  =  I  part  m  1,000. 

10 

The  error  is  evidently  diminished  as  we  increase  the 
deflection. 

(2)  Error  Due  to  lonperature  Change  of  Galvanometer  and 
Leads. —  If  these  are  of  copper  their  resistance  would  change 
four-tenths  per  cent,  per  degree  Centigrade.  This  correc- 
tion could  be  applied,  but  if  the  resistance  in  A*  is  large 
with  respect  to  gy  this  correction  will  be  negligible;  (2°) 
then  conflicts  with  (i^),  and  we  must  compromise.  Suppose 
R^  =  20  g  =  2,  and  temperature  rise  =  10°  C.  then  the  true 
value  of 

/?,  -f  r  =  20  -f  2    I    2  ,      "*  10  =  22*08 

100 

and  t,he  error  in  neglecting  the 

o       -oH 
•08  =        =1  in  275 

(3)  Error  Due  to  Temperature  Change  of  Box, — This  is  '02  per 
cent,  per  degree  Centigrade  for  platinoid  coils,  and  mav  be 
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corrected  for,  or  neglected,  according  to  the  desired  precision 
of  our  restilts. 

(4)  Error  Due  to  Determining  Constant  K. — The  constant  is 
best  determined  in  most  cases  by  electrolytic  cells,  say  three 
in  series.  If  one  has  a  tangent  galvanometer  of  proper  range, 
1-5  amperes,  and  knows  H  to  the  desired  accuracy  this  may 
be  used.  A  Thomson  deci-ampere  balance  would  be  very  con- 
venient for  subsequent  determinations  of  the  constant,  if 
its  readings  were  known  to  be  correct  within  the  desired 
degree  of  accuracy.  An  error  of  -i  per  cent  in  A"  causes  an 
equal  error  in  the  subsequent  measurements. 

(5)  Error  Due  to  a  Rise  in  Temperature  of  the  Shunt. — This 
may  be  due  to  two  causes :  a  rise  in  the  temperature  of  the 
room,  or  the  heating  effect  of  the  current.  Both  may  be 
obviated  by  placing  the  shunt  in  liquid  artificiallv  cooled 


A 

Fig.  I. 

by  cold  water  coils,  and  keeping  constant  the  reading  of  a 

thermometer  placed  in  the  liquid  close  to  the  shunt. 

Suppose  the  rise  in  temperature  were  5°  C.    If  the  shunt 

were  of  German  silver  the  change  in  its  resistance  would 

be  -04  per  cent.  X  5  =  '2  per   cent,  or  two  parts  in    1,000, 

and  the  results  of  the  measurement  would  be  in  error  by 

this  amount.     If  of  platinoid,  the  error  would  be  but  half  as 

much. 

(6)  Error  Due  to  Change  of  Value  of  H. — This  would  be 
possible  if  the  galvanometer  had  the  earth's  field  for  a 
resting  force.  If  great  accuracy  be  desired,  obtain  the 
value  of  the  constant  frequently,  and  see  if  it  changes.  As 
I  have  before  said  a  Thomson  balance  would  be  most 
desirable  for  this,  and  many  laboratories  can  afford  one 
Thomson  balance.  Also  if  we  had  a  galvanometer  whose 
damping  could  be  removed,  we  could  determine  whether  H 
had    changed    by  its    time    of   vibration.     The    sources    of 
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error  so  far  mentioned  are  well  understood  and  looked  out 
for,  but  the  following  are,  I  believe,  not  so  well  known.  At 
least  the  amount  of  the  effect  is  not  so  generally  appreciated, 
and  they  have,  so  far  as  I  know,  received  exhaustive  study 
only  at  the  hands  of  Mr.  W.  L.  Puffer,  of  the  Mas.sachusetts 
Institute  of  Technology.  His  results  are  to  be  found  in 
the  Proceedings  of  the  American  Academy  of  Arts  and  Sciences ^ 
Januar}*,  1888. 

(7)  Error  Due  to  Thermo-electric  Effects. — We  are  obliged  to 
make  the  resistance  of  our  shunt  very  low  to  prevent  undue 
heating,  hence  the  potential  differences  set  up  at  its  tenni- 
nals  are  very  low.  In  this  case  any  thermal  E.  M.  F.'s, 
which  might  be  caused  by  differences  of  temperature  at 
the  junctions  of  the  different  metals,  would  be  liable  to 
affect  the  readings  of  the  galvanometer.  This  trouble  may 
be  obviated  by  so  making  the  shunt  as  to  put  the  junctions 
under  the  surface  of  liquid  whose  temperature  is  maintained 
constant  and  may  be  detected  by  running  the  galvanometer 
leads  to  a  mercury  cup  commutator  and  testing  with 
reversals. 

(8)  Error  Due  to  Electro-chemical  Action. — The  shunt  is  placed 
in  liquid  and  under  the  action  of  the  potential  differences 
set  up  at  its  terminals  there  is  electrolytic  decomposition, 
(if  the  liquid  be  one  which  can  be  decomposed  as  water). 
This  will  cause  the  end  having  the  higher  potential  to  be 
darkened,  owing  to  o.xidization  of  the  German  silver  by  the 
oxygen  set  free,  while  the  other  end  will  become  whiter  or 
cleaner  in  appearance,  owing  to  the  reduction  of  the  film  of 
oxide  on  its  surface  by  electrolytic  hydrogen.  These  actions 
will  evidently  set  up  E.  M.  F.'s,  and  if  the  shunt  resistance 
is  very  low,  will  cause  considerable  error  in  the  result. 
This  source  of  error  could  be  avoided  by  placing  the  shunt 
in  somelicjuid  incapable  of  decomposition  with  low  E.  M. 
F.'s.  Chemically  pure  water  would  do,  but  for  the  trouble 
of  obtaining  and  keeping  it  .so.  Petroleum  oils  would  act 
slightly  on  the  bare  piece  of  metal  composing  the  shunt, 
thus  producing  a  battery  effect.  We  must  cither  immerse 
the  bar  in  some  liquid  incapable  of  acting  on  it  or  cover  the 
shunt  very  carefully  with  some  substance  not  acted  upon 
Vol.  CX.WIII.  3« 
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by  the  liquid  in  which  it  is  placed.  Everything  considered 
it  seems  to  me  that  Very  carefully  covering  the  shunt  with 
several  coats  of  shellac  and  afterwards  with  copal  varnish, 
and  immersinof  it  in  distilled  water  would  be  the  most  satis- 
factor}'  method. 

Design  and  Construction  of  Apparatus. — Suppose  we  desire 
to  measure  currents  of  from  one  to  i,ooo  amperes.  This 
would  require  a  set  of  five  tangent  galvanometers  of  differ- 
ent sizes,  the  three  largest  of  which  would  be  impracticable. 
(The  diameter  of  the  largest  would  be  about  seventy-five 
feet.)  With  the  sine  or  cosine  galvanometers  or  Siemens 
dynamometer  we  could  do  better  in  this  respect,  but  they 
are  still  out  of  the  question. 

With  the  Thomson  platform  or  balance  we  should  need 
three  different  instruments,  which  are  exceedingly  costly. 


A  a 

Fig.  2. 
^loreover,  none  of  these  could  be  used  near  dynamos  and 
this  means  that  we  must  lead  the  whole  of   the  current  we 
wish  to  measure    perhaps    a   considerable   distance,    thus 
entailing  expense  for  wire  and  perhaps  leakage. 

Suppose  we  make  one  shunt  of  resistance  'ooi  w.  If  of 
German  silver  9  inches  wide,  y^^  inch  thick,  two  strips  24 
inches  long  joined  in  parallel  will  be  nearly  the  required 
dimensions.  The  object  of  making  them  so  thin  is  to  offer 
large  surface  to  the  water  so  that  they  may  quickly  dissipate 
the  heat  produced  by  the  current.  The  rate  of  production 
of  heat  with  the  maximum  current  1,000,  amperes,  will  be 
•24  C  A'  =  -24  /  1,000^  X  "OOI  =  240  calories  or  enough  per 
.second  to  heat  240  grammes  of  water  i°C.  if  none  of  the  heat 
be  dissipated.  We  must  now  provide  a  containing  vessel 
large  enough   to  hold    so   much  water   that  it  will   not  be 
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unduly  raised  in  temperature,  and  larg^e  enough  to  admit  of 
placing;  in  it  coils  of  pipe  which  shall  carry  cooling  water  if 
this  be  found  necessary  with  the  larger  currents. 

The  two  German-silver  strips  should  be  joined  thus  by 
massive  cast  copper  blocks,  to  which  they  are  carefully 
soldered.  To  make  the  junction  doubly  secure,  thin  strips  of 
copper  9  X  I  X  :J  inch  are  screwed  and  soldered  on  over  the 
German  silver,  as  shown.  The  vertical  projecting  copper 
bars  D  and  F  are  for  connecting  the  shunt  into  the  circuit 
where  we  wish  to  measure  the  current. 

The  arrangement  so  far  described  would  collapse,  owing 
to  the  thinness  of  the  German  silver.  So  it  is  necessary  to 
hold  the  copper  blocks  apart  at  the  top  and  bottom  by  .some 
arrangement  which  shall  be  insulated  from  the  shunt. 
This  can  be  done  by  screwing  on  to  both  top  and  bottom  of 
the  copper  blocks,  a  piece  of  board  24  x  4  x  i  inch,  as  shown 
in  drawing.  The  board  on  top  should  be  pierced  with  a 
large  number  of  holes,  as  shown,  in  order  to  facilitate  the 
circulation  of  water.  The  ends  of  the  boards  touching  the 
blocks  should  be  soaked  thoroughly  in  melted  paraffin  and 
coated  with  shellac.  The  screw  holes  in  the  blocks  should 
be  filled  with  paraffin,  the  screw  heads  countersunk  in  the 
wood,  as  shown,  and  melted  paraffin  poured  over  them.  The 
whole  arrangement  should  then  be  coated  with  shellac  and 
copal  varnish  thoroughly. 

The  containing  ve.s.sel  may  be  of  wood,  paper  or  galva- 
nized iron,  about  32x14x13  inches.  Such  a  vessel  will 
contain,  besides  the  shunt,  about  85,000  grammes  of  water. 
Now,  the  number  of  heat  units,  small  calories,  developed  in 
one  second  by  1,000  amperes  flowing  through  'ooi  lo  is  in 
one  second  as  before  stated,  such  as  would  heat  240grammes 
of  water  i^  C.  Hence  it  would  take  to  heat  85,000  grammes 
I®,  a  time  ^JJ8^  seconds,  or  about  six  minutes,  if  there  were 
no  radiation.  But  it  is  probable  that  this  heat  produced 
will  not  be  instantly  communicated  to  the  entire  mass  of 
water,  hence,  for  the  large  current  measurements  it  will  be 
advisable  to  lead  coils  carrying  cold  water  clo.se  to  the  (ler- 
man-silver  strips,  both  inside  and  outside,  if  we  desire  great 
accuracy  in  our  measurements. 
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Galvaywmeter.—Kny  form  of  sensitive  reflecting  galva- 
nometer which  is  dead  heat  and  wound  with  coils  of  low 
resistance  may  be  used.  If  the  instrument  has  the  earth's 
field  alone  for  a  restoring  force,  as  is  generally  the  case, 
(neglecting  torsion),   it   would  be  convenient   to  have  the 
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damping  copper  mass   easily    removable.     The    following 
will  illustrate  the  design  : 

Suppose  the  scale  of  telescope  is  divided  into  millimetres, 
and  we  can  read  with  an  error  of  'i  mm.  by  eye  estimation, 
then  with  a  deflection  10  cm.  the  error  in  reading  would  be 
Yihii)  =  ^  i^  1,000.  If  our  scale  were  distant  from  mirror  of 
tele.scope  by  1*5  metres,  the  deflection  of  the  mirror  for  a 
reading  10  cm.  would  be  about  2°   for  y^^'^jj  =  taji.  2  a  — 2  tan. 
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a  approximately,    tan.  a  =  -^^^  =  -033  and  u  the  deflection  of 
mirror  =  i "  54'. 

When  1,000  amperes  are  flowing,  the  potential  difference 
acting  to  send  a  current  through  the  galvanometer  is 
100  X  'ooi  or  one  volt.  Suppose  we  put  in  the  galvano- 
meter circuit  10,000  ohms,  the  maximum  of  an  ordinary'  box, 
then  the  current  through  the  galvanometer  will  be  "oooi 
amperes.  With  sufficient  accuracy,  we  may  apply  the 
tangent  galvanometer  formula, 


C  = 


10  //  ;-  tan.  a 


2  7:  n 
from  which  we  have 

_  \oH  y  tan.  a  __  10  X  "2  X  ;•  X  .033 
2  z  C  2  "■'  3'i4i6  V  -oooi 

Assume  a  mean  radius  y=2'^  cm.,  then  ;/  the  number  of 
turns  =  266  =  417'^  metres  or  about  136  feet  of  wire.  If 
we  take  a  copper  wire  whose  diameter  bare  is  '036  inches  the 
resistance  will  be  about  n  a,  and-  the  wire  will  lie  in  a 
groove  I  X  f  inch,  whose  mean  radius  is  2-5  cm.,  or  about 
one  inch. 

When  one  ampere  goes  through  the  shunt  the  potential 
difference  will  be  i  x  'OOi  =  i  volt.  Then  to  give  about  10 
cm.  deflection  we  should  insert  such  a  resistance  that  the 
galvanometer  current  would  be  'OOOi,  and  this  resistance 
would  be  about  nine  ohms.  Then  should  the  temperature 
of  the  galvanometer  coil  rise  5^  C,  the  resulting  error  would 
be  but  two  parts  in  1,000  from  this  cause  alone. 

A  galvanometer  of  the  D' Arson val  pattern  might  be  used 
and  would  have  the  advantage  of  being  independent  of  any 
changes  in  //,  and  of  being  very  dead  heat.  It  should  be 
designed  with  as  low  resistance  as  is  consistent  with  the 
condition  that  a  current  -0001  amperes  shall  produce  a 
deflection  of  2^. 

Two  commutators  are  necessary.  The  larger  receives  the 
six  coarse  wire  soldered  into  the  copper  lugs  D  Foi  the  shunt, 
shown  in  Fig.  J.  These  wires  should  be  No.  0000  B.  and  S. 
three  in  parallel,  and  the  commutator  of  the  mercury  cup 
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variety,  so  arranged  that  the  shunt  can  be  entirely  discon- 
nected from  the  dynamo  circuit. 

Into  each  of  the  holes  at  H  and  K,  Fig.  j,  should  be 
soldered,  carefully,  a  No.  i8  B.  and  S.  copper  wire 
thoroughly  insulated,  and  the  joint  covered  carefully  with 
shellac  and  copal.  These  are  led  out  to  the  small  mercury 
commutator  for  the  galvanometer  circuit  arranged  like  the 
other  so  that  the  galvanometer  can  be  isolated  from  shunt 
and  main  circuit.  Then  any  thermo  electric  or  electro 
chemical  effects  can  be  detected  and  studied.  For  instance, 
disconnect  galvanometer  entirely  from  commutator  and 
note  readine.   Connect  it  to  commutator  with  shunt  uncon- 
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Fig.  4. 
nected,  and  there  should  be,  of  course,  no  deflection  even 
by  reversing  the  commutator.  Connect  shunt  (still  with 
no  current  in  it)  to  galvanometer  commutator,  and  see  if 
there  is  any  deflection,  reversing  this  time  the  connection 
from  shunt  to  galvanometer.  Finally,  run  current  through 
shunt,  and  see  whether  changing  the  commutators  produces 
any  change  in  deflection,  being  sure  that  this  current  is 
maintained  constant.  Disconnect  shunt  from  dynamo 
circuit,  and  see  whether  there  is  any  appreciable  deflection. 
The  time  occupied  for  these  tests  is  very  short,  if  the  com- 
mutators are  properly  arranged,  and  if  the  tests  show  no 
appreciable  thermo-electric  or  chemical  effects,  we  may  feel 
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sure  that  our  apparatus  is  satisfactory  in  this  respect. 
Finally,  provide  a  sensitive  thermometer  whose  ran^e  is 
from  about  60^  F.  to  So^  F.,  or  15°  C.  to  27^  C,  and  arrange 
so  that  it  will  be  placed  close  to  one  of  the  German-silver 
strips  of  the  shunt.  Read  when  no  current  is  flowing,  and 
then  when  the  maximum  current  flows.  Then  if  these  read- 
ings differ  5°  C,  or  9^  F.,  the  error  would  be  two  per  cent., 
as  previously  stated.  If  greater  accuracy  be  required  send 
cold  water  through  the  coils,  and  read  the  thermometer, 
then  by  sending  the  water  through  fast  enough,  the  heating 
effect  of  the  current  may  be  nullified  to  the  desired  extent. 

The  sketch  below  shows  the  general  appearance  of  the 
completed  shunt,  together  with  the  commutators. 

Recent  researches  of  Prof.  Ayrton  on  the  D'Arsonval 
galvanometer  indicate  that   such  a  type  wound  with  plati- 


FiG.  3. 
noid  with  phosphor-bronze  strip  suspensions  would  be  most 
desirable,  and,  therefore,  the  following  arrangement  com- 
mends itself,  more  especially  where  the  field  around  the 
galvanometer  is  subject  to  fluctuations.  Use  for  the  shunt 
bar  a  sheet  of  platinoid,  to  which  the  wires  carr^'ing  the 
main  current  should  be  soldered.  Preferably  there  should 
be  several  such  wires  soldered  on  the  end  edge  of  the  sheet 
and  distributed  at  equal  distances  along  the  edge  so  as  to 
.secure  uniform  distribution  of  current  in  the  strip,  lusuie  at 
the  points  A  and  />  the  leads  (of  platinoid)  to  the  galvano- 
meter commutator  should  be  fastened.  If  then  a  D'Arsonval, 
made  as  above  and  having  its  telescope  and  scale  rigidly 
attached  to  itself,  be  provided,  it  may  be  u.sed  where  the 
other  arrangement  would  be  out  of  the  (juestion,  namely, 
near  the  dynamo  room.  Moreover,  by  making  ever\*thing 
of  platinoid,  we  have  done  away  with   temperature  correc- 
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tions,  provided  the  platinum  strip  be  of  such  dimensions 
that  the  maximum  current  doesn't  heat  it  appreciably. 
The  strip  then  may  be  kept  in  air,  the  only  danger  being  a 
greater  liability  to  thermo-electric  effects  due  to  differences 
in  temperature  at  the  junctions,  and  this  can  be  tested  by 
commutation. 

Using  the  D'Arsonval,  we  can  get  a  greater  deflection 
for  a  given  potential .  dift^erence  at  its  terminals,  therefore, 
the  resistance  of  the  strip  may  be  made  lower  and  less 
enerev  be  used  up  in  the  method  of  measurement,  and  in 
some  cases  this  is  an  important  advantage.  On  the  other 
hand,  since  we  measure  with  smaller  potential  differences, 
any  thermo-electric  effects  will  produce  a  greater  error  in 
our  results. 

CEREBRAL  RADIATION. 


By  Prof.  Edwin  J.  Houston. 


\^Read  before  the  Electrical  Section,  March  i,  i8g2.  ] 

Gentlemen:  I  have  thought  it  possible  that  it  might 
interest  you  to  consider  some  rather  wild  speculations  in 
which  I  have  indulged  for  a  number  of  years  past,  but 
which  I  have  heretofore  refrained  from  publishing.  In 
these  speculations,  to  which  I  was  first  led  by  a  suggestion 
from  a  friend,  I  have  endeavored  to  correlate,  to  some 
extent,  the  phenomena  of  thought  with  grosser  physical 
phenomena.  Although  the  suggestions  I  have  to  offer  as  a 
basis  for  a  hypothesis  of  the  mechanism  of  cerebration,  are 
confessedly  incomplete,  and,  perhaps  improbable,  yet  I  have 
concluded  to  place  them  on  record  as  of  possible  interest  to 
the  scientific  world. 

I  am,  of  course,  aware  of  the  fact  that  the  psychical 
operations  of  the  brain  are  by  no  means  understood.  It  is 
generally  believed,  however,  that  the  seat  of  psychical 
activity  is  the  cerebrum.  The  manner  in  which  the  brain 
acts  to  produce,  record,  and  reproduce  thought  is  unknown, 
and  will  probably  remain  unknown. 
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On  the  single  assumption,  however,  that  cerebration  or 
thought,  whatever  may  be  its  exact  mechanism,  is  accom- 
panied by  molecular  or  atomic  vibrations  of  the  gray  or 
other  matter  of  that  part  of  the  brain  called  the  cerebrum, 
I  would  propose  the  following  hvpothesis  to  account  for 
telepathy,  mesmerism,  thought  transference,  hypnotism 
and  other  cognate  phenomena. 

Postulating  the  existence  of  the  universal  or  luminiferous 
ether,  which  is  now  generally  accepted  in  scientific  circles, 
and  bearing  in  mind  the  fact  that  this  ether  passes  through 
even  the  densest  matter,  as  easily  as  water  through  a  sieve, 
it  follows  that  the  brain  atoms  or  molecules  that  are  here 
assumed  as  the  cause  of  cerebration,  are  completely  sur- 
rounded by  the  ether.  Xow,  since  the  ether  is  a  highly 
elastic,  easily  movable  medium,  it  would  follow  that 
thought  or  cerebration,  if  attended  by  vibrations,  must 
necessarily  develop  in  the  ether  wave-motions,  which  have 
the  brain  atoms  or  molectiles  for  their  centres.  In  other 
words,  the  act  of  thought  or  cerebration  necessitates  an 
expenditure  of  energy,  because  it  necessitates  the  setting  in 
motion  of  these  assumed  atomic  or  molecular  brain  particles. 

The  exact  nature  of  the  motions  that  are  assumed  to 
attend  an  active  condition  of  the  brain  must  necessarily  re- 
main unknown  as  long  as  we  are  ignorant  of  the  exact  nature 
of  the  mechanism  that  is  moved.  But,  if  an  active  brain 
evolves  thought  because  something  is  set  in  motion,  it,  of 
course,  follows  that  a  brain  absolutely  free  from  producing 
thought  must  be  at  rest  so  far  as  that  kind  of  motion  is 
concerned.  An  absolute  freedom  from  thought  in  a  healthy 
brain  is  most  probably  a  condition  that  seldom  exists:  rela- 
tive rest,  however,  must  be  quite  common. 

That  the  brain  cells,  of  the  gray  or  other  matter  involved 
in  the  production  of  thought,  can  be  caused  to  assume  cer- 
tain groupings  or  relations  towards  one  another  would 
appear  to  follow  from  the  ease  with  which  that  curi»ais 
function  of  the  brain  called  memory,  permits  it  to  readily 
recall  past  peculiarities  in  the  to-and-fr«)  motions.  By  con- 
tinually repeating  certain  trains  of  thought,  as  in  study  or 
repeated  obser\'ations,  the  peculiar  motions  required  to  pro- 
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duce  such  thought  are  probably  given  a  set  or  tendency  to 
form  more  or  less  permanent  groupings.  When,  therefore,  the 
brain  is  moved  or  played  upon,  so  to  speak,  these  motions 
recur  and  certain  memories  are  awakened. 

How  may  these  motions  be  produced?  The  answer 
would  certainly  appear  to  be  both  from  within  and  without. 
It  is,  perhaps,  possible  that  the  flow  of  blood  to  an  active 
brain,  which  as  is  well  known  attends  all  active  cerebration, 
is  not  only  for  the  purpose  of  nourishing  and  rebuilding 
the  organ,  but  also  for  affording  the  purely  mechanical 
force,  that  needs  but  to  touch  this  marvellously  attuned 
organ  to  awaken  the  thoughts  already  impressed  thereon, 
or  to  sit  in  judgment  on  new  combinations  never  before 
presented  to  it. 

I  will  suggest  an  explanation  later  on  as  to  how  these 
impressions  may  possibly  be  excited  from  without. 

Whatever  be  the  origin  of  these  vibrations,  or,  however, 
excited,  energy  is  required  to  be  expended  in  producing 
them,  and  as  the  brain-worker  will  readily  acknowledge,  the 
expenditure  of  such  energy  often  calls  for  an  enormous 
expenditure  of  nervous  force. 

Cerebral  energy,  or  energy  thus  expended  in  producing 
thought,  is  dissipated  by  imparting  wave  motions  to  the 
surrounding  ether,  and  such  waves  are  sent  out  in  all  direc- 
tions from  the  brain,  possibly  in  greater  amount,  or  of 
greater  amplitude  from  some  of  the  brain  openings,  as,  for 
example,  those  of  the  eyes. 

Although  there  are  no  absolute  proofs  of  the  existence 
of  the  molecular  or  atomic  vibrations  of  the  brain  particles 
which  I  have  assumed,  such  a  movement,  however,  is  far 
from  being  improbable,  and,  indeed,  some  facts  known  to  the 
medical  profession  are  far  from  being  at  variance  with  such 
an  assumption.  A  certain  amount  of  pressure  on  the  brain 
arising  from  the  pressure  of  the  blood  is  necessary  for  its 
proper  action.  If  this  pressure  increases  beyond  a  certain 
value,  as,  for  example,  in  cases  of  fractures  of  the  skull, 
where  a  portion  of  the  bone  is  depressed  by  the  fracture, 
thereby  producing  a  compression  on  the  brain  material,  all 
thought    or  cerebration   instantly  ceases ;    but    when    this 
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pressure  is  relieved,  by  the  act  oi  irupnining',  cercbraiiuii 
not  only  begins,  but  curiously  enough,  generally  goes  on 
from  the  point  where  the  patient  left  off,  when  the  injury 
occurred. 

Let  us  assume,  then,  that  cerebral  radiations  or  waves  are 
given  off  from  every  sentient  or  active  brain,  and  that  these 
waves  pass  into  the  space  around  the  brain  something  like 
the  waves  that  are  imparted  to  the  air  around  a  sounding 
tuning-fork. 

The  cerebral  radiations  are  not  s«j  giuss  as  those  of 
sound.  Their  wave-lengths  are  almost  certainly  much 
shorter.     They  are  imparted  to  the  universal  ether. 

If  such  waves,  which  I  would  call  thought-waves  or 
cerebral-waves,  be  present  in  ether  that  fills  all  space,  it  will 
be  interesting  to  inquire  what  phenomena  they  might  be 
expected  to  produce. 

It  being  assumed  that  these  vibrations  take  place  in  the 
ether  itself,  there  need  be  no  doubt  or  speculation  as  to  the 
general  nature  of  the  waves  themselves.  They  would  pre- 
sumably partake  either  of  the  nature  of  transverse  or  tor- 
sional vibrations. 

The  commonest  character  of  the  vibrations  which  occur 
in  the  universal  ether  are  the  vibrations  which  arc  now 
generally  recognized  as  transmitting  the  phenomena  of 
heat,  light,  electric  or  magnetic  radiations:  viz.,  of  trans- 
verse or  torsional  vibrations. 

An  active  brain  may,  therefore,  be  regarded  as  moulding 
the  ether  around  it  into  thought-waves,  that  are  spreading 
outwards  from  it  in  all  directions.  In  this  respect,  it  is  not 
unlike  a  conductor  through  which  an  oscillatory  discharge 
is  passing,  producing  those  waves  which  Hertz  has  so 
beautifully  demonstrated  as  resembling  the  vibrations  that 
produce  light. 

Assume,  then,  that  the  cerebral  radiations  pari.itce  <n  the 
nature  of  thermal,  luminous,  electric  or  magnetic  radia- 
tions,and  the  following  explanation  of  tel«''ViThv.  nr  thi.n-.rht 
transference,  is,  to  say  the  least,  not  imp: 

I  would  explain  the  possibility  of  the  transference  of 
specific  cerebral  vibrations  from  an  active  brain,  to  a  passive 
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or  receptive  brain,  by  the  simple  action  of  what  is  known 
in  science  as  sympathetic  vibrations. 

Take  the  case,  for  example,  of  a  vibrating  tuning-fork, 
that  is  sending  off  its  waves  across  the  space  which  sepa- 
rates it  from  a  second  tuning-fork,  not  as  yet  in  motion,  but 
tuned  so  as  to  be  able  to  vibrate  in  exact  unison  with  it. 
As  is  well  known,  the  exact  correspondence  between  the 
period  of  the  active,  or  the  transmitting-fork,  and  the  pas- 
sive- or  the  receptive-fork,  is  such  that  the  vibrations  of  one 
fork  are  gradually  taken  up  by  the  other  fork,  so  that  the 
energy  of  the  motion  of  the  one  is  transferred  or  carried 
across  the  space  existing  between  them,  by  means  of  pulses 
or  waves,  set  up  in  the  air  which  surround  them. 

As  is  well  known,  such  sympathetically  excited  vibra- 
tions can  be  produced  in  a  fork  situated  at  a  considerable 
distance  from  the  exciting-fork. 

Or,  similarly,  take  the  case  of  the  sympathetic  vibra- 
tions excited  by  waves  of  light.  Solar  energy  is  radiated 
or  transferred  across  the  space  existing  between  the  sun 
and  the  earth  by  waves  or  oscillations  in  the  luminiferous 
ether.  These  waves,  falling  on  the  delicate  structure  of  a 
leaf,  suffer  a  species  of  selective  absorption,  certain  wave- 
lengths being  absorbed  and  others  thrown  off.  The 
absorbed  waves  excite  or  produce  sympathetic  vibrations 
in  the  molecules  of  carbon  dioxide  present  in  the  leaf, 
and  cause  the  atoms  of  carbon  and  oxygen  in  such  mole- 
cules to  move  towards  and  from  one  another  in  inter- 
atomic vibrations,  which  increase  in  amplitude  or  violence 
until  their  chemical  affinity  or  atomic  attraction  is  over- 
come and  dissociation  occurs.  The  oxygen  is  then  thrown 
from  the  leaf  into  the  air,  and  the  carbon  is  retained  in  the 
structure  of  the  plant. 

Or,  take  the  still  more  interesting  case  of  what  Hertz 
calls  electric  resonance.  As  already  mentioned,  it  is  now 
generally  recognized  by  electricians  that  a  conductor, 
which  is  the  seat  of  an  oscillatory  electric  discharge,  is 
.sending  into  the  space  around  it  electric  waves  or  oscilla- 
tions which  travel  with  the  velocity  of  light,  and  which 
are  in   fact  of  exactly  the  same  nature  as  light  itself.     If 
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these  electric  waves  meet  a  circuit  so  tuned  as  regards 
the  period  of  oscillation  of  the  circuit  in  which  they 
originally  occurred,  as  to  be  in  consonance  with  them, 
electric  oscillations  will  be  set  up  in  this  circuit,  of 
exactly  the  same  nature  as  those  exciting  it. 

In  view  of  these  facts  it  does  not  seem  improbable  to  me, 
that  a  brain  engaged  in  intense  thought  should  act  as  a 
centre  of  cerebral  radiations,  nor  that  these  radiations 
proceeding  outwards  in  all  directions  from  such  brain 
should  affect  other  brains  on  which  they  fall,  provided,  of 
course,  that  such  brains  are  tuned  to  vibrate  in  unison  with 
them.  In  such  cases  the  absorption  of  energy  by  the 
recipient  brain  may  be  either  a  species  of  selective  absorp)- 
tion,  in  which  its  train  of  thought  is  only  modified,  or  it 
may  be  absolute,  in  which  case  the  recipient  brain  has 
excited  in  it  an  exact  reproduction  of  the  thoughts  of  the 
exciting  brain. 

Such  a  hypothesis  is  far  from  improbable ;  on  the  con- 
trary, it  would  appear  to  be  supported  by  a  variety  of 
curious  circumstances,  which  have  only  wanted  some  gen- 
eral hypothesis  to  properly  correlate  them. 

If  such  a  hypothesis  be  true,  then  these  cerebreal  vibra- 
tions or  radiations  must  travel  through  space  with  exactly 
the  velocity  of  light.  This  is  of  course  on  the  assumption 
that  the  vibrating  or  oscillating  brain  molecules  or  atoms 
set  up  vibrations  similar  to  those  of  light.  Of  course,  this 
equality  between  the  velocity  of  cerebral  wave  propagation 
and  that  of  light  is  true  only  for  free  ether.  In  the  ether 
which  fills  the  interatomic  of  intermolecular  spaces  of  gross 
matter,  or.  as  it  is  technically  called,  combined  ether,  the 
velocity  of  wave  propagation  varies  according  to  the  par- 
ticular character  of  the  matter  with  which  it  is  associated. 
A  retardation  or  decrease  in  the  velocity  of  the  assumed 
cerebral  waves  would  doubtless  be  experienced  while  pass- 
ing through  the  materials  of  the  skull  and  head. 

If  thought  travels  along  waves  in  the  ether  similar  to 
waves  of  light,  it  would  be  able  to  travel  along  any  path  by 
which  rays  of  lights  cax  pass.  It  can  therefore  travel  alonj^ 
ravs  of  light,  /.  <*.,  along  paths  in  the  ether  through  which 
rays  of  light  are  moving. 
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There  is  a  well-known  experiment  in  hypnotism,  in 
which  the  patient,  placed  in  a  state  of  semi-  or  complete 
unconsciousness,  has  his  brain  called  into  a  more  or  less 
active  condition  by  the  suggestions  of  the  hypnotizer,  which 
mio-ht  seem  to  somewhat  favor  the  hypothesis  of  cerebral 

radiation. 

It  might  be  interesting,  in  view  of  the  above  suggestions, 
to  see  whether  a  hypnotizer,  placed  in  such  a  position  as 
regards  the  hypnotized  that  flashes  of  light  falling  on  his 
eyes  shall  afterwards  fall  on  the  eyes  of  the  patient,  to 
observe  whether  or  not  acts  of  suggestion  are  more  readily 
perceived  by  the  brain  of  the  hypnotized  along  such  rays  of 
light  than  without  the  aid  of  such  rays. 

If  the  preceding  speculations  be  regarded  as  wild,  and 
that  this  is  true  I  have  already  granted,  what  may  not  be 
said  as  to  the  following  ? 

If  thought  radiations  partake  of  the  nature  of  ether- 
waves,  then  there  should  presumably  exist  in  the  thought 
radiations  or  waves,  phenomena  corresponding  to  the  various 
phenomena  of  thermal,  luminous,  electric,  or  magnetic 
radiation;  even  the  phenomena  of  reflection,  refraction,  and 
possibly  even  of  dispersion  of  such  waves,  would  appear  to 
be  a  possibility.  In  this  connection,  it  is  of  interest  to 
imagine  the  analysis  or  separation  of  a  complex  wave  of 
thought  into  its  component  or  elementary  waves,  corre- 
sponding to  the  separation  of  a  beam  of  light,  by  means  of 
a  prism. 

In  this  connection,  there  would  be  a  new  significance  in 
the  phrases,  "  radiant  with  thought,"  or,  ''  to  concentrate 
one's  thoughts  on  a  subject." 

If  thought  radiations  or  waves  partake  of  the  nature  of 
light,  then  it  would  seem  among  the  remote  possibilities  of 
.science — to  obtain,  say  by  means  of  a  lens — a  photographic 
impression  of  such  thought-waves  on  a  suitably  sensitized 
plate,  somewhat  after  the  manner  of  the  ordinary  photo- 
graphic picture.  Such  a  thought-record,  suitably  employed, 
might  be  able  to  awaken  at  any  subsequent  time  in  the 
brain  of  a  person  submitting  himself  to  its  influences, 
thoughts  identical  to  those  recorded. 
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Of  course,  I  am  aware  of  the  improbability  of  such  a 
record  being-  obtained  in  the  near  future,  and  of  the 
exceeding  difficulties  that  would  seem  to  stand  in  the  way 
of  ever  obtaining  it. 

Until  we  know  something  more  definite  concerning  the 
nature  of  these  assumed  cerebral  vibrations  and  of  their 
lengths, we  must  necessarily  be  seriously  handicapped  as  how 
to  best  permanently  fix  them  on  a  suitable  record-surface, 
and  how  afterwards  to  cause  such  record-surface  to  interpret 
its  peculiarities  to  the  brain.  I  merely  throw  it  out  as  a 
possibility  of  what  science  may  have  in  store  for  those  who 
come  after  us.  I  would  suggest,  in  this  connection,  that  100 
years  ago  it  would  probably  have  been  regarded  as  quite 
impossible  that  the  telephone  or  the  phonograph  could  have 
been  produced. 

Such  a  thought-record,  however,  if  obtained  would  not 
be  an  image  of  the  thought  itself,  or  of  the  particular  group- 
ings of  the  particles,  whcxse  to-and-fro  movements  attend  or 
produce  thought,  any  more  than  the  tracings  of  the  phono- 
graph record  form  an  image  of  the  spoken  words.  They 
would  merely  represent  the  to-and-fro  motions  of  the  ether 
set  in  motion  by  the  thought  or  cerebrations. 

An  eve  looking  at  such  an  image  would  not  be  influ- 
enced thereby.  If,  however,  ether  waves  similar  to  those 
recorded  could  be  reproduced  by  causing  light  to  pass 
through  such  photographic  images  of  the  to-and-fro  motions 
of  thought-waves,  such  waves  might  be  caused  to  infiuence 
the  brain  and  thercbv  awaken  thoni^hts  similar  or  identical 
to  those  recorded. 

I  have  often  amused  myself  with  picturing  a  possible 
thought-recording  machine,  whereby  the  thoughts  of  an 
active  brain  might  be  recorded  continuously  and  j>er- 
manently  on  a  moving  sensitized  film,  the  exposed  surface 
of  which  was  placed  at  the  focus  of  a  large  lens  placed  in 
front  of  any  one  engaged  in  inten.se  thought. 

If,  like  the  cylinder  or  plate  of  a  phonograph  or  gramo- 
phone,  such  a  record  were  afterward  rotated  at  the  same 
speed  as  that  at  which  it  received  its  impressions,  under 
circumstances  in  which  light  pa.ssing  through  it  is  moulded 
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into  waves  similar  to  those  recorded  on  it,  sucli  waves  when 
caused  to  act  on  a  receptive  brain,  should,  it  would  certainly 
seem,  excite  therein  thoughts  identical  to  those  recorded  as 
its  record-surface. 

Of  course,  it  is  needless  for  me  to  say  that  such  a 
machine  has  never  been  actually  constructed  and  is  still 
as  unsubstantial  as  are  the  speculations  which  I  have 
offered  you.  Indeed,  the  probabilities  against  its  being  pro- 
duced are  so  great  that  I  have  hesitated  even  to  mention  it. 

Some  experiments  might  be  tried  in  a  similar  manner  in 
thought  transference,  by  holding  large  lenses  in  front  of  the 
eyes  of  a  hvpnotizer  at  such  a  distance  as  to  converge  the 
assumed  cerebral  radiations  on  the  eyes  of  the  hypnotized. 
These  experiments  might  be  tried  either  along  with  light, 
or  independent  of  it. 

I  know  that  many  points  of  the  hypothesis  which  I  have 
suggested  are  quite  improbable,  and  that  I  may  and  prob- 
ably will  be  misunderstood  by  some  as  putting  forward 
facts  rather  than  a  bare  hypothesis. 

Probably  one  of  the  most  serious  objections  to  the  hypo- 
thesis is  to  be  found  in  the  fact  that  the  phenomena  of  tele- 
pathy and  thought  transference  are  not  of  more  frequent 
occurrence.  This  I  must  frankly  acknowledge  to  be  a  most 
serious  objection.  I  would  suggest,  however,  that  the  com- 
parative infrequency  of  the  phenomena  may  possibly  be  ex- 
plained  by  the  presence  in  the  human  body  of  a  shield  which 
protects  the  brain  or  the  nerve  centres  from  the  effects  of 
cerebral  radiations.  It  is  not  impossible  the  sheathes  of  the 
jierves  act  as  screens  to  prevent  the.  reception  by  the  brain 
of  these  thought  radiations. 

Prof.  Tyndall,  in  his  work  on  sound,  alludes  to  the  well- 
known  fact  that  when  sympathetic  vibrations  are  being 
excited  by  a  sounding  tuning-fork  in  any  body  near  it,  that 
there  is  a  greater  rapidity  of  expenditure  of  energy  of  the 
fork's  motion  than  when  it  was  not  exciting  such  waves. 
The  analogue  of  this  phenomena  exists,  perhaps,  in  the  case 
of  the  assumed  thought  transference.  Mental  energ}^  is 
presumably  expended  at  a  greater  rate  when  it  is  exciting 
thought-waves  in  this  manner,  than  when  such  are  not  being 
excited. 
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There  has  often  been  experienced  by  me  as  a  teacher  a 
feeling  of  great  exhaustion  in  taking  charge  of  or  watching 
a  room*  in  which  a  number  of  bright  students  were  under- 
going an  examination.  It  is  possible  that  the  cause  of  this 
exhaustion  is  the  rapid  dissipation  of  energy  by  the  cerebral 
radiations  being  absorbed  by  the  receptive  brains  of  the 
examinees.  I  am  informed  by  certain  physicians,  that  a 
feeling  of  great  exhaustion  is  experienced  by  them  in  the 
treatment  of  some  cases. 

If  there  be  any  truth  in  the  hypothesis  I  have  briefly 
outlined,  there  should  be  what  I  would  term  a  kind 
of  vital  radiation  going  on  and  passing  outwards  from 
the  body  of  a  healthy  person,  which  may  not  improbably 
excite  by  sympathetic  vibrations  in  the  bodies  of  weaker 
persons  around  them,  vibrations  of  a  normal  or  more  healthy 
type  than  those  present  in  the  sick  person. 

If  this  be  true,  the  old  belief  of  the  efficacy  of  the  laying 
on  of  hands,  or  of  magnetic  healing,  may  find  some  founda- 
tion, in  fact,  apart  from  what  is  most  probably  the  general 
explanation  of  such  causes,  viz.,  hysteria. 

I  hav^e  thrown  out  the  above  hypothesis  of  cerebral  radia- 
tions with  considerable  doubt  and  hesitation  as  a  sugges- 
tion only  to  those  working  in  the  field  of  telepathy  or 
thought  transference,  in  the  hope  that  I  may  thereby  call 
the  attention  of  such  investigators  to  some  phenomena  in 
this  very  obscure  field  of  research. 


DYNAMO  .\ND  MOTOR  CALCULATION 


Bv  C.  H.  Bedell. 


\^Reiui  at  the  stated  meethti;  of  thf  Electrical  Section,  April  j,  tSQ2.^ 

In  the  calculation  of  the  different  parts  of  a  dynam<»  •! 
motor,  the  work  is  of  course  divided  into  the  calculation  of 
the  armature,  and  that  of  the  field  ;  but  as  the  capacity  and 
smooth  operation  depend  i)rincipally  upon  the  construction 
of  the  armature,  it  should  be  worked  out  first.  This  work 
is  best  divided  into  two  parts ;  and  since  the  dynamo  is 
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primarily  a  generator  of  E.  M.  F.,  the  first  consists  of  the 
calculation  of  those  parts  which  affect  the  generation  of  the 
E.  M.  P.,  and  the  second  in  proportioning  the  parts  that 
thev  will  stand  the  currents  which  may  be  allowed  to  flow. 

The  part  of  the  work  which  I  wish  now  to  consider,  is 
that  of  the  generation  of  the  E.  M.  F. 

For  this,  one  must  know  to  what  extent  the  proposed  field 
will  saturate  the  armature  core,  since  the  E.  M.  F.  is  gener- 
ated by  the  wires  of  the  armature  cutting  the  lines  of  force 
which  the  field  causes  to  pass  through  the  armature  core. 

One  definition  of  a  unit  of  E.  M.  F.,  is  that  E.  M.  F.  gen- 
erated by  a  conductor  cutting  one  line  of  force  once  a 
second.  Broadly  the  E.  M.  F.  generated  =  lines  of 
force  cut  X  number  of  times  they  are  cut  per  second.  The 
E.  M.  F.  is  consequently  proportional  to  the  number  of  lines 
of  force  cut,  and  also  the  rate  at  which  they  are  cut. 

The  rate  at  which  the  lines  of  force  are  cut  is  easily 
obtained,  for  the  total  number  of  conductors  on  the  surface 
of  t?ie  armature  T,  multiplied  by  the  revolutions  per  second 
R,  gives  the  number  of  conductors  which  cut  the  lines  of 
force  in  a  second,  or  the  rate  per  second. 

The  number  of  lines  of  force  cut  is  obtained  by  multi- 
plying the  number  of  square  inches  of  iron  in  the  cross-sec- 
tion of  the  armature  core  C,  by  the  number  of  lines  of  force 
which  is  known  will  produce  the  desired  degree  of  satura- 
tion L.  Knowing  the  rate  of  cut- 
ting, and  the  number  of  lines  of  jq; 
force,  we  have  then  the  E.  M.  F. 
(in  absolute  units) 

-  r  X  A^  X  C  X  Z,  ^~^' 


or 


E.  M.  F. 


T  /  K  xCy  L 


lO'' 


volts. 


This  equation  has  only  one  factor  about  which  there  can 
be  any  uncertainty,  which  is  the  factor  Z;  but  as  a  very 
slight  acquaintance  with  the  form  of  dynamo  to  be  con- 
structed, or  a  careful  calculation  of  the  magnet  circuit,  will 
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give  the  possible  degree  of  saturation,  there  can  be  said  to 
be  very  little  uncertainty  even  in  this  fact(jr. 

The  most  satisfactory  degree  of  saturation  of  the  arma- 
ture core,  is  with  90,000  to  100,000  lines  of  force  per  square 
inch  of  iron  in  the  cross-section  of  the  armature  core,  which 
can  be  obtained  with  the  usual  percentage  of  watts  used  in 
the  field. 

The  annexed  chart  will  greatly  facilitate  this  caiculalion. 
It  is  of  the  same  general  plan  as  Mr.  Carl  Hering's  wiring 
charts  published  in  his  Wirin^  Computer,  and  is  used  in  the 
same  manner.  The  interpolations  for  values  between  the 
diagonal  lines  are  different  in  this  chart,  as  the  readings  in 
the  upper  left-hand  field  should  be  along  a  horizontal  line, 
and  those  in  the  upper  right-hand,  and  in  the  lower  left-hand 
field,  should  be  along  vertical  lines. 

It  will  be  noticed  that  although  the  chart  covers  all  the 
usual  sizes  of  generators,  yet  calculations  can  be  made  with 
it  far  beyond  its  limits,  as  the  different  factors  are  so  related 
to  each  other  that  where  one  is  changed  another  can  be 
changed  porportionately,  except  in  the  case  of  lines  of  force 
per  square  inch.  In  the  case  of  lines  of  force  per  square 
inch,  values  cannot  be  obtained  higher  than  100,000  lines 
per  square  inch  with  economy,  on  account  of  the  iron  being 
saturated  at  about  that  point. 

If  higher  values  of  E.  M.  F.  are  desired  than  those  given, 
the  figures  in  the  scale  of  E.  M.  E.  can  be  doubled,  provided 
any  one  of  the  others,  except  tlic  line<  <>f  force  per  scjuare 
inch,  is  doubled  also. 

Or  if  very  low  values  of  E.  M.  F.  are  desired,  the  scale  of 
E.  M.  F.  can  be  divided  by  any  factor,  provided  any  one  of 
the  other  .scales  be  divided  by  the  same  factor. 

As  an  illustration  of  the  use  of  the  chart,  let  us  supp 
we  have  a  dynamo  having  200  times  on  the  surface  of  wue 
armature  sixty  square  inches  of  iron  in  the  cro.ss-section  of 
the  armature  core,  and  we  desire  to  know  at  what  speed  it 
will  be  necessary  to  run  the  armature  to  generate  200 
volts.  Starting  at  the  200  point  in  the  column  marked 
"  E.  M.  F.  generated,"  follow  the  line  to  the  left  until  it 
intersects  the  line  representing  200  turns;  then  follow  the 
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vertical  line  from  that  point  until  it  intersects  the  line  repre- 
senting- sixty  square  inches  cross-section ;  then  follow  the 
line  to  the  right  until  it  intersects  the  line  representing  the 
probable  degree  of  saturation,  which  in  this  case  we  will 
say  is  100,000  lines  of  force  per  square  inch.  The  speed  line 
which  also  crosses  at  this  point  is  the  speed  required,  and 
is  exactly  1,000  revolutions  per  minute.  If  only  90,000  lines 
of  force  per  square  inch  could  be  obtained,  the  speed 
required  would  then  be  a  little  over  1,100  revolutions  per 
minute.  It  will  be  noticed  that  the  form  of  the  armature, 
amount  of  active  wire,  or  volts  per  foot  of  active  wire,  do 
not  enter  into  the  calculation.  In  this  method  the  number 
of  lines  of  force  which  pass  from  any  one  pole  into  the 
armature  core  and  the  rate  which  the  wires  cut  these  lines 
of  force  form  the  basis  of  calculation. 

The  maximum  P^  D^  is  between  two  points  on  the  arma- 
ture wire  which  just  include  all  the  lines  of  force  which 
pass  through  the  armature,  to.  or  from  any  one  pole,  as  at  a 
and  b  in  the  figure,  if  we  are  working  with  the  lines  which 
pass  from  the  north  pole. 

As  far  as  the  E.  M.  F.  generated  between  a  and  b  is  con- 
cerned, it  makes  no  difference  in  a  ring  armature  what 
becomes  of  the  lines  of  force  after  they  pass  those  points, 
or  what  the  other  wires  on  the  surface  of  the  armature  are 
doing.  In  a  two-pole  field  the  other  portion  of  the  arma- 
ture wire,  passing  under  the  south  pole,  cuts  the  same  lines 
of  force,  and  consequently  the  same  number,  and  since  the 
rate  of  cutting  them  is  the  same,  the  E.  M.  F.  generated  is 
exactly  the  same  as  that  generated  under  the  north  pole. 
But  as  these  two  E.  M.  F.'s  are  in  opposite  directions  no 
current  flows  around  the  armature,  although  the  points  of 
greatest  P^Dx  are  joined  together  by  the  parts  of  the  arma- 
ture wire  not  under  the  poles. 

Since  what  becomes  of  the  lines  of  force  after  passing" 
the  points  a  and  ^  of  a  ring  armature,  or  what  the  armature 
wires  not  between  a  and  b  are  doing,  makes  no  difference  to 
the  E.  M.  F.  generated  between  a  and  b,  the  lines  of  force 
may  be  divided  so  as  to  pass  from  the  armature  into 
different  poles,  and  the  armature  wires  not  between  a  and  b 
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may  pass  under  any  odd  number  of  poles,  and  may  generate 
under  those  poles  different  E.  M.  F.'s  from  those  under  the 
pole  first  considered.  It  is  usual,  however,  to  so  build  the 
different  portions  of  a  multipolar  field,  that  the  E.  M.  F. 
generated  under  the  poles  is  the  same  in  amount,  in  order 
that  all  the  terminals  of  the  same  potential  may  be  joined 
together,  thus  connecting  the  different  portions  of  the 
armature  in  parallel. 

The  methods  of  calculation  given  above,  either  by 
formula  or  chart,  deal  with  the  generation  of  the  E.  M.  F. 
under  one  pole  only,  and  consequently  can  be  used  for  anv 
direct  current  dynamo  having  a  ring  arm.itnrr-.  u-hether  for 
bipolar  or  multipolar  fields. 

In  the  case  of  drum  armatures  the  conditions  are  a  little 
different,  as  the  return  portion  of  a  wire  under  the  north  pole 
passes  under  the  south  pole  and  generates  an  E.  M.  F.  which  is 
added  to  that  generated  under  the  north  pole,  increasing  the 
E.  M.  Y .  between  a  and  b.  But  the  adjoining  wire  does  not 
give  its  E.  M.  F.  to  a  and  b,  but  to  corresponding  points 
adjacent  to  the  south  pole.  Consequently,  it  may  be  con- 
sidered that  the  one  wire  offsets  the  other,  and  the  same 
formula  and  the  chart  hold  good  for  drum  armatures  also. 

In  cases  of  multipolar  machines  having  the  E.  M.  F.'s 
generated  under  like  poles  in  series,  the  E.  M.  F.,  either  of 
formula  or  chart,  should  be  increased  in  proportion  to  the 
number  of  such  poles. 

The  square  inch  of  iron  in  the  ».i«'Ss-section  mentioned 
above  has  reference  to  the  iron  in  the  cros.s-.section  through 
which  the  lines  of  force  pass  from  any  one  pole. 

The  IC.  M.  F.  generated  may  be  that  of  a  dynamo,  or  that 
of  a  motor  in  the  form  of  counter  E.  M.  F.  In  each  case 
allowance  should  be  made  for  the  loss  in  voltage  due  to  the 
resistance  of  the  armature,  and  also  to  whatever  loss  of 
E.  M.  F.  there  mav  be  due  to  the  lead  of  the  brushes. 
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Woodbridgc  School  Essays.  No.  I.  Theoretical  Astronomy.  Dynamics  of 
the  Sun.  By  J.  Woodbridge  Davis.  New  York  :  D.  Van  Nostrand  Com- 
pany. 

This  work  is  apparently  intended  to  bring  before  the  scientific  world  an 
hypothesis  by  which  the  explanation  of  a  number  of  cosmical  phenomena  is 
attempted  that  have  heretofore  defied  rational  explanation. 

The  author  begins  with  an  analytical  examination  of  the  dynamic  rela- 
tion existing  between  the  atmosphere  and  the  nucleus  of  an  imaginary  orb, 
the  atmosphere  consisting  of  the  vapors  of  the  fluids  and  solids  composing 
the  nucleus.  The  laws  governing  the  evaporation  or  condensation  or  both 
in  the  several  sirata  of  the  atmosphere,  as  dependent  on  the  conditions  of 
heat,  are  carefully  evolved  and  analytically  presented. 

Upon  applying  the  results  of  this  analysis  to  the  sun,  the  author  con- 
cludes that  there  is  evaporation  but  no  condensation  on  the  sun,  the  vapors 
formed  possessing  such  a  tension  that  the  velocity  attained  by  adiabatic 
expansion  is  sufficient  to  hurl  the  molecules  into  space  beyond  the  reach  of 
solar  attraction.  In  order  to  account  for  the  heat  required,  it  is  assumed  that 
at  the  exalted  temperature  prevaihng  on  the  sun  the  so-called  hemical 
elements  are  dissociated  into  a  lower  grade  of  elements  capable  of  reuniting 
as  the  temperature  on  the  surface  of  the  nucleus  is  lowered  to  the  limit  of 
dissociation. 

This  outflying  solar  atmosphere,  in  reflecting  the  solar  light,  is  assumed 
to  account  for  the  corona  and  the  zodiacal  light.  Then  it  is  shown  that  this 
current,  in  sweeping  past  the  planets,  dividing,  as  a  stream  of  water  would 
on  encountering  an  immersed  sphere,  not  only  carries  away  portions  of  the 
planetary  atmospheres  ultimately  denuding  those  orbs  of  the  last  trace  of 
their  gaseous  envelopes,  as  shown  by  the  moon,  but,  being  charged  with 
positive  electricity,  resulting  from  the  process  of  elementary  combination, 
this  current  is  supposed  to  account  for  many  magnetic  and  electric 
phenomena  observed  on  our  globe.  And  finally,  by  describing  comets  as 
being  surrounded  by  atmospheres  of  enormous  dimensions,  of  which  a  por- 
tion is  swept  into  space,  the  phenomenon  of  cometary  tails  is  explained. 

This  work,  abounding  with  assertions  of  a  purely  hypothetical  character, 
fails  to  carry  conviction  to  the  reader.  Indeed,  he  feels  that,  while  this 
theory  appears  to  throw  light  on  some  phenomena,  it  precludes  the  explana- 
tion heretofore  given  to  others.  The  theory  of  Laplace  is  reversed  ;  pro- 
gressive dispersion  of  the  mass  of  the  sun  is  put  in  place  of  progressing 
concentration.  The  student  is  led  to  ask  himself  why  the  forces,  inherent  i^ 
the  sun,  tending  to  disperse  this  mass,  will  not  act  more  rapidly,  since  we  are 
wont  to  see  such  phenomena  take  the  form  of  sudden  explosions,  as  exem- 
plified by  allowing  the  superheated  water  of  a  steam  boiler  to  escape  from  its 
confinement.  The  author  here  avails  himself  of  the  hypothesis  of  the  com- 
posite nature  of  the  so-called  elements  and  their  dissociation  at  high  temper- 
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ature.  No  satisfactory  explanation  is  given  why  the  equatorial  streams  of 
the  solar  atmosphere  should  predominate  to  such  a  dej^rce  as  would  be  nec- 
essary to  account  for  the  convergent  form  of  the  zodiacal  light.  Then  it 
would  be  more  consistent  with  modern  notions  to  assume  that  the  outlying 
atmosphere,  on  encountering  a  planet,  would  be  intercepted  and  arrested 
rather  than  deflected  and  thrown  aside,  such  deflection  being  always  a  result 
of  decreased  pressure  due  to  reaction,  and  the  pressure  of  the  outlying 
atmosphere  being  almost  infinitesimal,  it  is  difficult  to  imagine  a  cause  for 
deflection.  One  would  therefore  expect  an  increase  of  the  atmospheres  of 
secondary  orbs  rather  than  a  diminution.  The  theory  of  magnetic  and 
electric  phenomena  appears  strained  in  many  respects.  It  is  by  no  means 
clear  why  the  particles  projected  into  space  should  be  charged  with 
electricity.  And  if  such  were  the  case,  the  mass  of  the  sun  must  have  long 
since  been  overcharged  with  negative,  and  that  of  the  earth  with  positive 
electricity,  and  the  admission  at  the  end  of  the  resoectivc  chapter  that 
"according  to  the  theory,  the  sun  is  becoming  negatively  charged,  and  the 
planets  positively  charged  with  electricity,"  makes  an  impression  as  if  some 
one  would  admit  that  a  drop  of  water  may  occasionally  come  down  the  Falls 
of  Niagara.  In  support  of  the  assertion  that  the  nuclei  of  comets  arc  sur- 
rounded by  immense  atmospheres,  the  records  of  observations  are  quoted 
according  to  which  stars  seen  through  the  cometic  vapors  showed  a  sensible 
increase  of  brilliancy,  while  according  to  our  knowledge  of  optics,  stars 
seen  through  a  refracting  sphere  should  have  shown  a  diminished  brilliancy, 
except  if  the  observer  had  been  within  the  focal  distance  of  this  cosmic  lens. 
The  analysis  of  the  dynamics  of  atmospheres  surroundmg  celesli.il  orbs, 
notwithstanding  the  difficulties  which  such  an  abstruse  subject  necessarily 
presents,  is  well  conceived  and  carefully  carried  out,  but  the  theory  of  the 
outrtying  atmosphere  of  the  sun  is  so  radically  at  variance  with  mo<lcrn  con- 
ceptions and  appears  to  be  so  replete  with  inconsistencies  th.\t  it  is  not  likely 
to  find  a  permanent  place  in  theoretical  astronomy.  H.  B. 


The  F.ltvirnts  of  rhyiical  '  hy,  for  the  use  of  -^ 

colleges.     liy  Edwin  ].  \  ;i,  A.M.,  I'rof.  of  It 

Natural    Philosophy  in    the   Central     High   School  01    \'\\  i.i.  etc. 

(Revised  edition.)     Thiladclphia  :  Published   by  KIdredgc  c^  i No.  17 

North  Seventh  Street.    189I. 

The  unqualified  success  of  the  original  edition  of  this  admirable  work,  as 
evidenced  by  its  extensive  adoption   throughout  the  as  a  textbook 

in  the  schools,  has  amply  justified  the  warm  pr.iise  be  :  .:  u|>on  it  m  the 
Journal  by  the  present  reviewer  on  its  first  appearance.  The  present  edition 
is  a  revision  of  the  original,  which,  the  author  explains,  has  been  made 
necessary  by  the  progress  of  science.  ^^^    '    '  '   he  ab.indonmcnt  of 

certain  theoretical   views    and   ihr    mo  .    by  rc.ison  of  the 

expansion  of  our  knowledge. 

We  are  pleased  to  notice  that  the  author  has  widely  held  fa»t  to  the  same 

general  style  of  treatment,   and   to  the  same  order  of  n« '    •   pic* 

followed  in  the  ori^'in.il  impression  of  the  work.     While  a  <  .       .;  of 
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the  present  edition  and  an  inspection  of  the  illustrations  reveal  the  hand  of 
the  judicious  reviser  in  many  places,  the  book  retains  its  identity,  and  in  its 
present  form,  we  doubt  not,  will  prove  more  acceptable  than  ever  to  the 
fralernitv  of  teachers.  W.   H.  W. 


Brick  for  Street  Pavetuents,  An  account  of  tests  made  of  bricks  and  paving 
blocks,  with  a  brief  discussion  of  street  pavements  and  the  method  of 
constructing  them.  By  M.  D,  Burke,  C.E.  Cincinnati :  Robert  Clarke 
&  Co.     1892.     8vo.     Paper.     Price,  50  cents. 

The  pamphlet  above-named  contains  the  record  of  what  appears  to  be  a 
very  thorough  series  of  tests  made  by  the  author  upon  fifteen  samples  repre- 
senting as  many  varieties  of  bricks  and  blocks  manufactured  for  street  paving 
purposes.  Each  sample  was  from  a  different  estabUshment,  and  the  whole 
collection,  the  author  believes,  fairly  represents  the  paving  brick  of  the  day, 
as  manufactured  in  various  parts  of  the  United  States. 

The  examination  made  embraced  a  chemical  analysis,  tests  of  water 
absorption,  specific  gravity,  transverse  and  crushing  strength,  and  resistance 
to  abrasion  and  impact.  Details  of  the  entire  work,  the  history  of  the 
samples,  the  mode  of  preparing  them  for  test,  the  dataof  the  tests  themselves 
and  the  results  arrived  at,  are  presented  in  the  text  and  in  tabular  form  for 
better  review  and  comparison. 

The  pamphlet  contains  besides  this  (which  constitutes  of  course  its  chief 
value),  some  useful  considerations  from  the  engineer's  standpoint,  on  the 
general  subject  of  street  paving,  municipal  methods,  etc.  W.  H.  W. 

The  Transition  Oirve  Field-book.  Containing  full  directions  for  adjusting 
and  locating  a  curve  nearly  identical  with  the  cubic  parabola  in  transition 
between  any  circular  railroad  curve  and  tangent.  By  Conway  R. 
Howard,  C.E.  New  York:  John  Wiley  &  Sons.  109  pp.  Bound  in 
morocco,  with  flap.     Price,  $1.50. 

This  work  is  issued  in  convenient  pocket  book  form,  for  the  service  of 
engineers  engaged  in  the  location  of  lines  of  railway.  With  the  aid  of  the 
general  table  which  the  author  gives,  the  engineer  is  enabled  readily  to 
adjust  the  transition  curve,  sD  as  to  connect  with  any  circular  curve.  The 
application  of  the  method  is  fully  illustrated  by  rules  and  examples.  The 
utility  of  the  book  is  enhanced  by  the  introduction  of  tables  of  radii,  sines, 
tangents,  versed  sines  and  external  sextants.  W. 


Notes  and  Examples  in  Mechanics,  with  an  appendix  on  the  graphical 
statics  of  mechanism.  By  Irving  P.  Church,  C.E.,  Associate  Professor 
of  Civil  Engineering,  Cornell  University.  New  York:  J.  Wiley  &  Sons. 
146  pp.,  138  illustrations  and  six  plates.     Price,  $2. 

The  "notes  and  examples,"  which  Prof.  Church  presents  in  this  volume, 
are  designed  especially  for  the  use  of  advanced  students  of  mechanics. 
They  are  intended  to  illustrate  the  application  of  first  principles  in  mechanics 
of  solids.  An  appendix  treats  of  the  "Graphical  Statics  of  Mechanism." 
The  author's  experience  as  a  teacher  has  well  qualified  him  for  undertaking 
the  difficult  task  of  presenting  his  subject  clearly,  and  in  his  selection  of 
problems  he  has  been  very  judicious.  W. 
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{^Proceedings  of  the  stated  meetini^,  held  Wednt'Siiay,  May  iS,  /Sq2.] 

Hall  of  the  Franklin   Institute, 
Philadelphia,  May  18.  1802 

Jos.  M.  Wilson,  President,  in  the  chair. 

Present,  132  members  and  twenty-two  visitors. 

Additions  to  membership  since  last  report,  nine. 

Mr.  W.  S.  Collins,  of  New  York,  read  a  paper  descriptive  of  the  system 
of  using  petroleum  for  fuel  purposes,  as  practised  by  the  Aerated  Fuel  Com- 
pany, of  Springfield,  Mass.,  illustrating  with  the  aid  of  lantern  slides,  the 
mechanical  features  of  the  same.  The  system  consists  substantially  in  the 
employment  of  compressed  air  as  the  vehicle  for  conveying  the  oil  to  the 
point  of  combustion,  and  spraying  it  into  the  furnace.  This  method  per- 
mits of  the  location  of  the  oil  reservoir  bt/inc  the  level  of  the  furnaces,  thus 
obviating  the  danger  of  flooding  the  latter  with  oil  in  the  event  of  accident  by 
leakage  or  break-down.  (.Mr.  Collins'  paper  has  been  referred  for  publica- 
tion). 

Mr.  C.  J.  Hexamer  presented  a  paper  giving  his  views  of  the  proper 
method  of  constructing  buildings  designed  to  be  used  as  theatres,  and  on 
the  provisions  necessary  to  be  made  in  the  interior  arrangement  antl  fitting 
up  of  such  buildings  in  order  to  insure  adequate  protection  of  human  life 
and  property  against  destruction  by  fire.  In  connection  with  Mr.  Hcxamer's 
paper,  Mr.  Nelson,  of  New  York,  exhibited  a  number  of  specimens  of  various 
te.xtile  fabrics  and  wood  that  had  been  subjected  to  treatment  by  the  Martin 
fire-proofing  process.  The  experiments  which  were  made  in  demonstration 
of  the  resistance  of  these  specimens  to  the  spread  of  fire,  when  brought  in 
contact  with,  or  held  for  some  time  directly  in  the  tlame  of.  a  gas  jet  or  Bunsen 
burner  were  highly  successful. 

The  subject  elicited  a  general  discussion.  (Mr  Hfv.uu#-r's  inurr  w.is 
referred  for  publication.) 

The  Secretary  presented,  on  behalf  of  Mr.  Elwood  Ivins,  a  handsomely 
framed  set  of  specimens  of  metal  tubes  of  steel,  brass,  copper  and  aluminum, 
among  which  were  a  number  that  were  of  extremely  small  diameter,  and  in 
lengths  of  thirty  or  more  feet.  These  tubes  are  seamless,  without  solder  or 
weld,  and  are  made  by  a  process  devised  by  Mr.  Ivins. 

Mr.  \V.  N.  Jennings  exhibited  and  described  a  number  of  rcmarkible 
lightning  photographs  lately  made  by  himself.  In  order  io  permit  of  the 
more  satisfactory  and  accurate  study  of  the  lightning  image.  Mr.  jennmgs 
explained  that  he  had  used  for  these  picture**  the  stereoscopic  camera.  A 
number  of  prints  of  such  pictures  mounted  in  a  hand  stereoscope  were  passed 
about  for  inspection.  Mr.  Jennings  remarked  thai  so  far  as  he  was  aware  he 
was  the  first  to  employ  the  stereoscope  in  this  work,  and  that  he  was  pleased 
to  be  able  to  give  the  members  of  the  Institute  the  opportunity  of  ins|>ecting 
the  first  pictures  of  the  kind  ever  m.ulc. 

Adjourned.  Wm.  H.  Waml.  Sfcreiary, 
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The     compound     LOCOMOTIVE    of    the     RHODE 
ISLAND    LOCOMOTIVE    WORKS, 
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{^Rfport  of  the  Commit Ue  on  Scunce  and  the  Arts,  with  Appendices."] 


[No.  1,610.]  Hall  of  the  Franklin  Institute, 

Phii.adelfhia,  January  30,  1892. 
The  sub-committee  of    the  Committee  on    Science  and 
the  Arts,  constituted  by  the  Franklin  Institute  of  the  State 
of  Pennsylvania,  to  whom  was  referred,  for  e.xaminition 

THE    COMPOUND    LOCOMOTIVE    OF    THE    RHODE    ISLAND 

LOCO.MOTIVE   WORKS. 

Report,  That  in  order  to  set  forth  the  merits  of  this  invention 
it  has  had  submitted  to  it  a  record  of  a  series  of  tests 
made  under  the  supervision  of  Mr.  C.  H.  Batchcllor, 
chief  draughtsman  of  said  works,  together  with  copies  of 


diagrams  and  descriptions  of  the  engines  under  test,  which 
records  accompany  this  report,  and  are  as  follows  : 

The  engines  are  of  a  type  known  as  two-cylinder  com- 
pounds ;  that  is,  such  as  use  the  steam  first  in  a  small  or 
high-pressure  cylinder,  on  one  side  of  the  engine,  and 
exhaust  through  a  connecting  pipe,  within  the  smoke  box, 
into  the  steam  chest  of  a  larger  low-pressure  cylinder  on 
the  other  side,  in  which  cylinder  the  steam  is  further 
expanded  and  from  which  it  is  finally  exhausted  through  a 
blast  pipe  into  the  chimney  in  the  usual  way. 

To  this  connecting  pipe  or  receiver,  between  the  two 
cylinders,  is  joined  (forming  part  of  the  same)  an  automatic 
intercepting  valve,  to  which  is  also  attached  an  automatic 
differential  pressure-reducing  valve,  an  exhaust  valve,  and 
a  controlling  valve  worked  by  hand  in  the  cab.  The  valves 
constitute  the  essential  features  of  this  invention. 

The  object  of  this  invention  is  to  provide  means 
whereby  the  engine  may  be  started  and  run  continuously 
with  steam  directly  from  the  boiler,  in  both  cylinders,  each 
doing  half  the  work,  and  each  exhausting  into  the  stack 
and  atmosphere  directly.  At  the  will  of  the  engineer  the 
engine  may  be  changed  into  compound-working,  these 
valves  and  steam-ways  being  designed  to  effect  this  object 
automatically,  according  as  the  engineer  moves  the  lever 
connected  with  the  controlling  valve. 

These  improvements  are  the  invention  of  Mr.  C.  H. 
Batchellor,  and  patented  by  him  September  22,  1891,  full 
specifications  of  which  accompany  this  report. 

The  operation  and  effects  of  the  intercepting  valve  and 
its  auxiliaries  may  be  described  as  follows : 

This  valve  being  in  any  position  and  the  throttle  being 
opened,  boiler  steam  will  pass  to  the  high-pressure  cylinder 
in  the  usual  manner,  and  also  through  a  branch  pipe  to  the 
intercepting  valve,  into  the  space  between  the  two  smaller 
pistons  fixed  on  one  end  of  the  valve  stem,  causing  the 
pistons  to  move  from  this  end  towards  the  larger  of  the  two 
pistons,  by  which  communication  for  steam  is  established 
through  the  inter-piston  space  to  a  pipe  leading  through  an 
automatic  reducing  valve,  and  thence  into  the  low-pressure 


steam  chest,  the  pressure  being  reduced  from  any  existing 
boiler  pressure  in  the  ratio  of  the  cylinder  areas.  This  posi- 
tion of  the  intercepting  valve  closes  the  low-pressure  steam 
chest  against  a  flow  of  steam  from  the  receiver. 

The  three  pistons  on  the  valve-stem  of  the  intercepting 
valve  are  so  proportioned  that  they  will  automatically 
change  to  the  compound  position,  when  the  pre-determined 
pressure  in  the  receiver  has  been  reached  by  exhausts  from 
the  high-pressure  cylinder;  the  engine  thus  starts  with 
steam  in  both  cylinders  and  automatically  changes  to  com- 
pound at  a  desired  receiver  pressure. 

The  engine  may  be  changed  from  the  compound  system 
to  the  simple  at  any  time,  at  the  will  of  the  engineer,  by 
opening  a  valve  connecting  the  receiver  to  the  exhaust  pipe, 
allowing  the  exhausts  of  the  high-pressure  cylinder  to  be 
ejected  through  the  exhaust  nozzles  in  the  usual  manner. 
The  operation  of  this  exhaust  valve  permits  receiver  pres- 
sure to  enter  the  smaller  end  of  the  piston  chamber  of  the 
intercepting  valve,  in  order  to  insure  the  movement  of  the 
piston  to  that  necessary  to  permit  the  boiler  steam  to  enter 
the  low-pressure  cylinder,  and  close  the  receiver  against  the 
same,  and  to  do  this  before  the  receiver  is  emptied  through 
the  exhaust. 

This  insures  against  a  lapse  of  continuous  action  in  the 
low-pressure  cylinder,  during  the  change  from  the  compound 
to  the  simple  system  while  running. 

It  is  obvious  that,  in  case  of  bad  conditions  of  starting, 
the  engine  may  be  operated  as  a  simple  one  at  the  will  of 
the  engineer,  by  opening  the  exhaust  valve  before  starting, 
and  that  upon  its  closure  the  pistons  will  automatically 
take  the  compound  position  as  already  described. 

The  motions  of  this  intercepting  valve  are  controlled 
by  a  fluid  piston  brake,  so  that  it  cannot  be  moved  except 
by  a  force  superior  to  the  fluid  resistance,  which  the  steam 
supplies,  and  it  is  inert  wherever  placed. 

This   engine   difl^ers    from    all    other   two-cylinder  coir 
pound  locomotives  in  this  country,  in  having  a  means 
vided  by  which  the  engine  may  be  worked  just  as  a  simple 
engine  is,  with  an  independent  exhaust  from  each  cylinder 


This  arrangement  provides  sufficient  power  at  starting  and 
under  anv  condition  of  service  for  a  period  of  time,  or  a 
distance  from  the  starting  point,  which  is  at  the  will  of  the 


engineer. 


This  type  of  compound  can  be  run  as  a  simple  engine 
in  case  of  break-downs,  with  no  more  trouble  than  an  ordi- 


nar\^  engme. 


In  point  of  cleanliness,  i.  e.,  freedom  from  cinders  and 
black  smoke,  the  compound  offers  a  marked  contrast  to  the 
simple  engines. 

The  fastest  and  hardest  work  has  called  but  for  the 
most  ordinary  care  in  the  lubrication  of  parts ;  one  of  them 
on  trial  (called  No.  2600),  has  never  shown  a  suggestion  of 
heating  in  any  of  the  bearings  or  journals,  all  of  which  are 
of  the  ordinary  size,  and  this  engine  has  so  satisfactorily 
met  all  the  requirements  of  heavy  and  fast  express  service 
that  have  been  placed  upon  it  for  several  consecutive 
months,  that  the  builders  believe  themselves  justified  in 
claiming  as  a  conservative  estimate  a  saving  of  fifteen  to 
twenty-five  per  cent,  of  fuel,  in  express  service,  in  competi- 
tion with  a  simple  locomotive,  the  amount  of  saving 
depending  upon  the  service. 

These  improvements  can  be  applied  to  existing  simple 
locomotives. 

The  slide  valves  are  operated  by  Stephenson's  link  as 
applied  to  locomotives  generally. 

The  possibility  of  using  this  engine  as  a  simple  one 
indefinitely,  is  also  a  very  desirable  adjunct  for  yard  work, 
or  short  runs  with  many  stops. 

As  an  illustration  of  the  softness  of  the  blast,  due  to  the 
low  tension  of  the  escaping  steam  after  continued  expan- 
sion in  both  cylinders,  the  engine  practically  throws  no 
sparks  during  the  hardest  service,  even  with  a  clear  passage 
from  the  boiler  tubes  to  the  atmosphere. 

The  application  of  steam  power  to  the  bearings  of  a 
compound  engine  is  more  evenly  distributed  than  in  simple 
ones,  as  is  well  known,  which  must  contribute  to  smooth 
and  easy  running  in  a  locomotive.  This  effect  is  apparent 
in  the  several  graphical  illustrations  shown  in  this  report. 
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which  speaks  largely  in  favor  of  better  stress  effects  when 
compared  with  the  performance  of  the  simple  engine  in 
same  serv^ice. 

We  have  here  the  most  scientific  development  of  a  two- 
cylinder  compound  engine,  automatically  adapted  to  all 
requirements  of  variable  service. 

Your  sub-committee,  having  examined  the  mechanisms 
and  applications  of  these  improvements  in  detail,  as  well  as 
all  the  disinterested  records  of  the  same  at  its  command, 
and  having  carefully  noted  and  compared  the  devices  and 
claims  therefor,  of  other  inventions  for  a  like  purpose, 
concludes  this  report  by  recommending  the  award  of  the 
Elliott  Cresson  Medal  to  Mr.  C.  H.  Batchellor,  for  his 
invention. 

John  H.  Cooper,  Chairman,  H.  R.  Hevl, 

John  E.  Codman,  H.  F.  Colvin. 

Luther  L.  Cheney. 

Adopted,  February  2^,  iSg2. 

Arthur  Beardslev, 

Chairman  of  the  Committee  on  Science  and  tht  Arts. 


APPENDIX  I. 


COMPOUND  LOCOMOTIVE  of  the  RHODE  ISLAND  LOCOMOTIVE 
WORKS,  PROVIDENCE,  R.  I. 

In  the  following  pages  is  given  a  description  of  the  mechanism  employed 
in  the  operation  of  the  two-cylinder  compound  locomotives,  built  by  the 
Rhode  Island  Locomotive  Works ;  also  the  data  and  results  of  compara- 
tive tests  regarding  the  economy  and  general  efficiency  of  these  locomo- 
tives as  compared  with  ordinary  locomotives,  in  the  following  services, 
each  contained  in  a  section  of  the  folio. 

SECTION  1. — ELEVATED  SERVICE. 

Gives  the  data  and  results  of  a  comparative  test  between  two  locomo- 
tives in  elevated  railroad  service;  the  compound  locomotive  being  a  dupli- 
cate of  the  simple  one  with  new  cylinders. 

SECTION  2. — EXPRESS  PASSENGER   SERVICE. 

Gives  the  data  and  results  of  comparative  tests  between  different  simple 
locomotives  and  a  compound  locomotive  built  by  the  Rhode  Island  Loco- 
motive Works  for  fast  express  service. 

Serious  doubts  having  been  commonly  expressed  as  to  the  ability  of 
the  compound  to  cope  advantageously  with  these  two  classes  of  service, 
this  folio  ia  prepared  as  the  most  concise  and  complete  method  by  which 
the  numerous  questions  concerning  actual  results  can  be  answered.  All 
reeulta  are  from  data  verified  by  the  respective  railroad  companies. 


SECTION  1. — ELEVATED  SERVICE. 

Description  of  Engines. 

The  engines  compared  are  No.  62  Simple  and  No.  58  Compound,  of  the 
Brooklyn  and  Union  Elevated  Railroads  of  Brooklyn,  N.  Y.  (A  synopsis 
of  sizes  is  given  in  Table  1.)  Both  engines  were  of  the  Forney  type, 
having  two  pairs  of  connected  driving  wheels,  with  a  four-wheeled,  trailing, 
swing  truck  supporting  the  tank,  the  whole  connected  to  a  rigid  frame. 
This  design  is  used  to  run  forward  or  backward  at  will. 

The  compound  engine  was  a  simple  engine  rebuilt  by  the  Rhode  Island 
Locomotive  Works,  so  far  as  the  cylinders  and  their  appurtenances  are 
concerned,  and  is  of  the  two-cylinder  type,  the  cylinders  being  connected 
by  a  copper  receiver.  The  cylinder  sizes  of  the  compound  were  designed 
to  do  the  average  service  work,  so  near  as  it  could  be  judged,  with  the  best 
economy.  The  limitations  which  the  size  of  compound  cylinders,  designed 
for  this  effect,  must  necessarily  bring  upon  the  starting,  or  even  the  hauling 
power  of  the  engine  under  exceptionally  severe  conditions,  is  recognized 
and  provided  for  by  a  device  allowing  the  engine  to  be  run  at  will  as  a 
simple  engine :  the  steam  pressure  in  the  low-pressure  cylinder  being 
reduced  from  that  in  the  high-pressure  cylinder  in  direct  ratio  of  the 


piston  areas,  irrespective  of  the  boiler  pressure.  This  allows  the  com- 
pound to  be  used  as  a  simple  engine,  and  greatly  increases  its  maximum 
power;  this  becomes  necessary  in  emergency  cjises  only.  The  possibility 
of  using  the  engine  as  a  simple  engine  indefinitely  is  also  a  very  desirable 
adjunct  for  yard  work,  allowing  the  engine  to  be  worked  to  much  better 
advantage.  In  ordinary  circumstances  the  engine  starts  from  rest  as  a 
simple  engine,  with  direct  steam  in  both  cylinders,  the  cylinders  having 
equal  power.  When  the  normal  pressure  in  the  receiver  is  reached,  by 
means  of  the  exhaust  from  the  high-pressure  cylinder,  the  direct  steam 
is  automatically  cut  off  from,  and  the  receiver  steam  admitted  into,  the 
low-pressure  cylinder,  and  the  engine  thus  thrown  into  the  compound 
system.  There  is  thus  no  appreciable  change  in  power  when  the  change 
from  simple  to  compound  is  made,  either  in  changing  automatically  or  on 
being  changed  from  the  cab.  The  automatic  change  occurs  from  one-half 
to  one  revolution  of  the  drivers.  For  actual  performance  in  this  respect 
see  indicator  cards,  Plates  XXIII  and  XXVII,  inclusive. 

SERVICE. 

The  service  for  which  the  engines  under  consideration  were  designed  is 
of  a  severe  nature  for  locomotives  of  ordinary  form,  and  is  consi<lere<l 
much  more  so  for  a  compound  locomotive,  being  a  series  of  starts  and 
stops  in  quick  succession,  tlie  profile  containing  many  grades  and  sharp 
curves;  prompt  running  time  being  indi«jpensable.  The  total  length  of 
the  division  on  which  the  engines  were  run  is  live  miles,  divided  into  nix- 
teen  passenger  stations  and  two  junction  stations,  at  which  stops  were 
required  at  the  time  the  compoiuul  was  run  on  account  of  a  rule  issued 
between  October  loth  and  November  24th.  Trains  consist  of  two  cart 
during  the  middle  of  the  day  and  late  at  night,  and  three  or  four  can 
during  morning  and  evening  hours.  The  running  lime  is  twenty-four 
minutes,  with  a  headway  of  six  minutes  betweei;  trains  during  the  two-car 
trips  and  t\\e  minutes  during  the  four-car  trips.  See  Table  -  for  the  num* 
ber  of  cars  hauled  each  trip,  and  the  running  time  each  day  of  the  te«l. 

CONDITIONS  OF  TEST. 

The  compound  engine  was  run  November  24,  1800;  the  simple,  October 
15,  1890.  The  engines  were  sUirtetl  from  the  yard  at  F2;i*l  New  York  at 
6.15  A.M.,  and  run  six  miles,  with  a  light  four-car  train,  to  Kidton  Ferry, 
where  they  commenced  service,  making  twenty-two  trips  (eleven  n»und 
trips)  of  five  miles  each,  from  Fulton  Ferry  to  Ridgewood  and  return  ;  then 
one  trip  of  four  empty  cars  to  Fast  New  York,  six  miles,  m.i'  '   '.^1 

train   mileage  of  122  n.iles   from  <».l.')  A.M.  to  s  I'.M.     The   t  to 

was  kept  by  one  watch,  time  being  uken  at  each  terminal ;  the  duration 
of  stops  at  regular  and  signal  Mictions  was  not  taken.  Thry  nvrraged 
about  the  same,  both  days  being  pleasant,  t»  •  •  •  '  gmnl,  and  tin*  I<K*<»mo- 
tives  under  trial  not   being  held  at  signal  «•:  to  any  unusual  cxlvni. 

The  trip  at  G.12  P.M.,  on  November  24th,  however,  waa  an  exception, 
trains   being  delaye<l   seven  minutes  in  iho  bu'«ic»sl  part  of  '"  'y 

awaiting  the  movements  of  an  extra  engine      T-i-  «i« .  i'*-i»n'r  1- 
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ling  of  the  exceptionally  large  number  of  passengers  who  had  congregated, 
and  required  extra  time  at  stations. 

CONDITION  OP  ENGINES. 

Simple  engine  No.  62,  together  with  its  crews,  was  selected  by  the  rail- 
road company  as  being  the  most  economical  on  the  road,  as  judged  by  per- 
formance sheets  and  competitive  trials.  The  engine  seemed  in  good 
condition,  with  the  exception  of  the  safety-valve,  which  leaked  enough  to 
show  steam  to  a  limited  extent.  The  blow-off  cock  also  leaked  water;  this 
was  measured  and  accounted  for. 

Compound  engine  No.  58  had  new  metallic  packing  and  leaked  badly  at 
the  left  valve  stem.    The  throttle  also  leaked  considerably. 

MANIPULATION  OF  THE  ENGINES   AND   PERSONS  CONCERNED. 

The  crew  who  handled  the  simple  engine  were  Mr.  James  Giles,  engi- 
neer, and  S.  A.  Sampson,  fireman.  These  men  formed  part  of  the  double 
crew  who  had  handled  it  from  the  time  it  came  on  the  road,  and  together 
with  the  other  crew  had  demonstrated  their  expertness  in  economic  run- 
ning. Mr.  Giles  being  off  duty,  the  compound  was  handled  by  Mr.  H.  N. 
Fessenden,  who  ran  in  conjunction  with  Mr.  Giles  on  the  simple  engine. 
Mr.  Sampson  did  the  firing.  The  management  of  the  engines  left  nothing 
to  be  desired.  The  compound  had  been  in  their  hands  about  ten  days 
before  the  test  was  made,  and  was  run  entirely  by  the  reverse  lever  until 
the  first  notch  was  reached,  the  throttle  being  kept  wide  open.  The  blower 
was  used  but  once  or  twice  on  the  compound,  and  sparingly  on  the  simple. 
No.  58  was  always  worked  compound  automatically  while  in  service. 

COAL  CONSUMPTION. 

Weighed  coal  was  used  as  follows :  A  new  fire  was  used  on  both  days, 
the  tank  was  cleaned  and  weighed  coal  put  in.  The  fire  was  built  the 
night  before  and  banked  from  coal  outside  the  tank.  When  the  fireman 
fixel  his  fire  for  running  about  5.30  A.M.,  he  used  coal  out  of  the  tank, 
and  continued  so  to  do  until  the  yard  was  reached  at  8  P.M.,  when  the 
condition  of  the  fire  was  noted  and  the  coal  left  in  the  tank  weighed  back. 
The  state  of  the  fire  and  steam  pressure  was  similar  each  day  at  time  of 
using  first  weighed  coal.  Each  bucket  of  coal  was  weighed  by  an  employ^ 
of  the  Railroad  Company.  It  was  all  of  the  same  quality  and  was  free 
from  dirt.  The  size  of  the  coal  was  broken  lump,  and  was  of  a  soft  anthra- 
cite quality.  The  coal  was  not  wet  during  the  test.  The  fire  was  well 
burned  out  at  the  end  of  each  day,  especially  so  on  October  15th.  The 
ashes  were  not  weighed,  circumstances  not  admitting  of  it.  They 
showed  a  very  small  per  cent,  of  unburnt  coal  each  day.  The  compound 
burned  its  fires  with  a  light  draft  on  all  trains.  Steam  was  made  very 
freely,  the  door  being  on  the  latch  frequently,  even  with  heavy  trains,  and 
especially  so  with  light  trains.  Engines  of  the  simple  class  steam  freely 
with  a  light  fire  on  light  trains,  but  on  the  three  and  four-car  trains  the 
blast  is  sharp  and  fires  heavy  in  order  to  keep  up  steam.  The  compound 
makes  steam  with  a  draft  so  light  and  even  that  it  would  seem  able  to 


burn  pea  coal  with  good  steaming  results,  and  a  further  saving  in  fuel 
expense.  The  quality  of  coal  used  breaks  up  iniriiediately  on  conUict  with 
fire;  and  on  regular  engines  (juite  an  item  is  lost  through  the  slack  in  a 
bright,  unburnt  condition,  in  small  particles.  Quantities  can  be  seen  in  all 
places  along  the  road  where  it  can  lodge ;  this  dirt  becomes  disagreeably 
apparent  wlien  standing  on  the  car  platforms.  Tlie  stronger  the  blast,  the 
more  this  effect.  Spark-throwing  is  also  prevalent  to  quite  an  extent  in 
heavy  business  hours.  The  soft  blast  on  the  compound  does  away  with 
much  of  the  waste  mentioned,  and  throws  practically  no  sparks  on  the 
hardest  service.  Continued  observations  on  car  platforms  were  conclusive 
as  to  the  cleanliness  of  this  engine  in  regard  to  dirt  through  the  stack.  As 
an  illustration  of  the  softness  of  the  blast,  it  may  be  remarked  that  there 
was  nothing  in  the  smoke  box  of  the  nature  of  deflecting  plates  or  netting, 
a  clear  passage  being  left  from  the  tubes  to  the  atmosphere.  For  details 
and  summary  of  comparative  coal  consumption,  see  Table  2. 

WATER   CONSCMrriON. 

The  water  was  measured  as  follows:  A  barrel  waa  measured  as  to 
capacity,  and  then  j)laced  in  position  so  that  it  could  he  filled  and  emptied 
into  the  tank  readily  until  the  tank  was  full,  the  height  of  water  in  the 
tank  being  taken  after  each  barrel  full.  Each  barrel  full  made  an  equal 
rise  of  water  in  the  tank,  showing  the  regularity  of  the  tank  capacity  in 
height.  The  various  readings  of  water  consumed  were  made  by  means  of 
a  large  float,  to  the  centre  of  which  was  attached  a  graduated  stick.  The 
difference  in  any  two  readings  on  this  stick  when  compared  with  top  of 
man-hole,  gave  the  amount  of  water  used  for  that  time  in  inches.  The 
readings  were  made  at  about  the  point  of  the  centre  of  gravity  of  the  plan 
of  the  tank,  and  always  at  the  same  place  on  a  level  track.  The  fir«t 
reading  was  made  in  the  morning  at  the  time  the  first  weighetl  coal  was 
used,  with  the  water  in  the  boiler  just  showing  in  the  third  gauge.  When 
the  yard  was  reached  at  night,  the  water  was  gauged  with  the  .•tame 
amount  in  the  boiler,  and  the  same  pressure  of  steam  as  at  liie  start. 
During  the  day  the  water  wius  measured  each  round  trip  at  Fulton  Ferry, 
where  water  and  coal  were  taken,  the  water  being  kept  at  the  sann'  |M)int 
in  the  boiler  at  each  time  of  measuring.  After  leaving  the  yard  in  the 
morning,  the  water  in  the  boiler  of  tlie  compound  engine  was  allowed  to 
fall  to  the  second  gauge,  and  was  kept  there  through  the  day  to  insure  dry 
steam.  On  tin*  simple  ongine'the  wal«T  wjvs  kept  at  three  gauge-  *'  ch 
the  day.     The  overfl<JW  from  tiio  inj«*clors  on  each  t-ngine  How-  a 

receptacle  and  was  measured.  Each  reading  on  the  gauge  stick  waa 
checked  by  the  engineer  or  fireman.  For  details  and  summary  of  com- 
parative water  consumption,  see  Table  2. 

CYLI.NDKR    rKUKOUM.VNCK. 

Indicator  diagrams  illustrating  the  cylinder  performance  under  th« 
varying  conditions  are  atLache<l.  They  are  ukon  from  a  teriet  of  cards 
made  on  a  surface  road  just  before  the  en:  "d 

structure,  and  are  each  typical  of  itsclasM.     .....  a^.-   ...~ .^  ■-  .-in 
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of  twenty-seven  miles  between  Providence  and  Kingston  on  the  New  York,. 
Providence  and  Boston  Railroad,  with  a  miscellaneous  freight  train. 

A  three-fourths-inch  pipe,  eleven  inches  long,  from  each  end  of  each 
cylinder,  was  connected  to  the  indicator  by  a  three-way  cock  in  such  a 
manner  as  to  avoid  abrupt  turns,  or  small  apertures;  these  connections 
were  well  wrapped  with  asbestos. 

The  cross-head  motion  was  reduced  by  a  special  device  of  the  panto- 
graph type,  calling  for  a  string  connection  of  but  a  few  inches  in  length. 

The  pistons  of  the  indicator  were  carefully  watched  and  lubricated,^ 
and  no  signs  of  sticking  are  visible  on  the  cards.  The  cards  were  all  taken 
with  a  No.  80  spring. 

The  speed  was  taken  with  a  revolution  counter  of  positive  action  in 
the  cab,  the  motion  being  taken  from  the  pantograph.  The  steam  gauge 
and  indicator  springs  were  tested  before  the  cards  were  taken. 

The  valve  motion  is  the  ordinary  Stephenson  link  as  applied  to  loco- 
motives generally,  except  the  direction  of  its  motion  is  reversed,  the 
eccentrics  being  on  the  forward  axle  pointing  toward  the  rear  or  main 
axle,  with  short  eccentric  rods.  This  was  a  feature  that  had  to  be  con- 
tended against  in  endeavoring  to  get  equal  cut-offs  and  openings  for  the 
valves  in  all  the  various  positions.  For  valve  dimensions,  etc.,  see 
Table  1. 

The  operation  of  taking  a  set  of  cards  was  as  follows :  There  was  a 
man  at  each  indicator  and  a  man  in  the  cab.  The  latter  at  a  desired  time 
gave  the  indicator  men  a  signal  to  be  ready,  and  threw  in  the  catch  to  the 
counter;  he  then  gave  a  signal  on  the  whistle  at  which  the  cards  were 
taken  simultaneously  from  each  cylinder.  The  steam  gauge  and  notch 
were  noted,  and  at  the  end  of  ten  seconds  the  speed  counter  was  detached, 
and  a  reading  taken.  The  speed  was  thus  taken  while  cards  were  made, 
and  cards  were  as  near  simultaneous  as  possible. 

Steam  chest  lines  were  not  taken  on  this  day,  it  being  desirable  to  use 
the  shortest  possible  time  in  taking  cards,  and  a  previous  trial  having 
shown  steam  chest  lines  satisfactory.  Cards  showing  these  are  shown  on 
Plates  I,  II  and  XXIX. 

Plates  I  to  A'.Y,  inclusive,  have  each  a  set  of  high-  and  low-pressure 
cards,  traced  with  the  atmospheric  line  in  common ;  and  also  a  combined 
diagram  showing  the  continuous  expansion  associated  with  hyperbolic 
expansion  (full  smooth  curve),  and  with  the  expansion  of  dry  saturated 
steam  (dotted  smooth  curve).  In  the  combined  diagram,  the  front  and 
back  end  cards  are  represented  by  full  and  dotted  lines.  Cards  shown  on 
PlcUes  A'A'/and  XXII  \veTe  taken  with  the  engine  working  upon  the  sim- 
ple system.  The  speed  at  which  cards  2^  and  42  were  taken  is  far  in 
excess  of  what  would  be  required,  the  simple  system  being  desirable  only 
in  starting  heavy  trains,  or  running  them  under  exceptionally  hard  con- 
ditions at  slow  speed.  In  these  cards  the  admission  line  to  the  large 
cylinder  shows  the  operation  of  the  reducing  valve  to  limit  the  initial 
pressure  to  a  proper  proportional  amount,  but  the  boiler  pressure  admis- 
sion pipe  to  the  large  cylinder  not  being  large  enough  to  satisfy  these 
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speeds,  the  steam  was  wire-drawn,  which  gives  the  difference  in  M.  E.  P. 
between  the  two  cylinders,  as  figured  on  the  cards.  The  contour  of  the 
cards  from  the  hirge  cy Under,  however,  shows  the  jiroper  reduction  of 
initial  pressure  which  the  reducing  valve  secures  at  a  considerable  piston 
speed,  which  was  the  object  of  taking  the  cards  at  the  given  speeds. 
Plates  XXI [f  and  XX\'II,  inclusive,  show  cards  made  with  the  engine 
starting  from  rest ;  of  these  J'latea  XXVI  and  A' A  17/  simply  show  the 
action  of  the  reducing  valve  in  keeping  the  total  admission  pressure  on 
each  piston  alike  and  constant  while  it  is  acting.  PUU^s  XXIII  and  A'A'V, 
inclusive,  show  the  above  action  and  also  the  time  of  the  automatic 
action  in  changing  to  the  compound  system,  showing  the  difference  in 
pressure  in  the  receiver  at  the  time  of  the  change  and  a  revolution  later. 

Plate  XX\'III  has  cards  illustrating  revolutions  ma»le  by  an  ordinary 
compound  engine  after  the  throttle  is  shut,  bef«)re  the  passages  are  freed 
from  pressure,  when  the  reverse  lever  is  in  the  last  notch.  In  yard  work 
this  is  a  hindrance,  and  is  undesirable  at  any  time,  when  it  is  necessary  to 
slo])  before  the  engine  can  clear  itself  of  steam.  This  can  be  obviated 
by  the  use  of  the  device  which  allows  this  engine  to  be  used  as  a  siinj.l»> 
engine. 

Table  3  contains  results  from  thirty-eight  cards,  tabulated  for  easy 
reference.  This  table  includes  the  steam  weight  accounted  for  by  the 
diagrams;  and  is  arranged  consecutively  in  order  of  the  different  notches 
and  speeds.  The  cards  are  from  the  same  lot  from  which  those  illustrated 
were  taken,  and  includes  them.  This  table  offers  an  opportunity  to  com- 
pare the  difference  in  cylinder  economy  between  high-  and  low-pressure 
steam  under  similar  conditions.  It  also  shows  the  water  consumption  lo 
vary  but  little  through  the  varying  speeds  under  like  pressures  of  steam 
at  the  same  cut-offs. 

It  is  believed  that  the  table  ami  cards  emboily  good  general  results, 
and  show  to  good  advantage  in  comparison  with  those  from  ordinary  loco- 
motive practice.  The  loss  in  pressure  by  the  passage  through  the  rfsjeiver 
is  small  for  both  slow  and  fa.«*t  revolutions.  The  admission  line  i^  go^nl, 
and  the  expansion  lines  of  the  different  duigrams  liold  ch^sely  lo  the  curve 
of  saturated  dry  steam,  tending  to  show  a  small  amount  of  initial  con- 
densation. The  water  per  horse-power  per  hour,  which  is  the  tost  of 
economy,  figures  low  even  on  the  cards  doing  work  at  fa*»l  v-       ' 

This  low  water   rate  for  work  d»)ne,  shown  by  cards,  i»  by  ih* 

result  of  the  actual  service  test,  in  which  nearly  twenty-four  i)er  cent,  let* 
water  was  used  by  the  compound  than  by  the  simple  engine  in  doing 
practically  the  same  work  for  fourteen  hours.  The  work  done  by  enoh 
cylinder  is  practically  alike  at  the  third  and  fourth  notches,  mnd  varies  by 
degrees  in  opj>osite  ways  from  that  point,  as  shown  by  Table  3.  Tli© 
design  was  to  have  the  point  of  e«|mil  power  near  tl»o  point  of  average 
work.  This  engiiu*  with  light  trains  works  in  the  first  and  wcond  ni»tchei, 
and  with  heavy  trains  in  the  third  and  fourth  n«»U'he«.  «lw»y«  Htnrting 
from  the  seventh  or  last  notch. 

The  low  exhaust  pressure  shown  on  all  carl-,  at  the  or  i!n;uy  ««»riiin|f 
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notches,  is  one  cause  of  the  water  economy,  and  also  signifies  the  style  of 
action  on  the  lire,  these  light  exhausts  occurring  but  twice  a  revolution  in 
place  of  four  times. 

STRESS  EFFECTS. 

Aside  from  the  economy  in  fuel  and  water  consumption,  an  important 
result  of  the  difference  in  cylinder  performance  between  a  simple  and 
compound  locomotive,  under  similar  conditions,  is  that  the  latter  should 
bring  to  bear  upon  the  moving  parts  a  more  continuous  or  even  stress, 
while  subjecting  those  parts  to  loads  of  less  magnitude  at  the  point  of 
maximum  stress.  The  effect  of  the  applied  power  should  also  be  more 
regular  in  the  compound  engine.  As  illustrative  of  this  effect,  graphically, 
diagrams  on  Plates  A'^A'A'  to  XXXIII,  inclusive,  give  the  rotative  effect  on 
each  crank  pin,  together  with  the  resultant  effect  for  one  revolution. 
The  data  taken  for  a  simple  locomotive,  in  working  up  these  diagrams,  are 
actual  cards  selected  from  first-class  locomotives  having  Richardson-Allen 
valves,  and  a  good  steam  distribution.  Those  for  a  compound  are  taken 
from  No.  b^,  with  initial  pressures  and  M.  E.  P.s'  to  match  the  cards  from 
the  simple  engine.  These  plates  explain  themselves,  and  suggest  a 
steadier  moving  engine,  more  especially  at  high  speeds,  and  the  shortest 
cut-offs. 

Plates  XXXIV  and  XXXV  show  diagrams  made  from  the  same  data, 
illustrating  graphically  the  stress  upon  the  crank  pins,  and  hence  the  other 
moving  parts,  for  one  revolution.  It  will  be  observed  that  the  lines  repre- 
senting the  stresses  on  the  compound  crank  pins  keep  within  closer  vertical 
limits  than  those  on  the  simple  engine,  also,  that  the  former  keeps  much 
nearer  a  continuous  line,  sudden  variations  in  load  being  inappreciable. 

GENERAL   SUMMARY. 

A  reference  to  Table  2  shows  the  decided  saving  in  water  and  fuel  con- 
sumption, under  the  conditions  of  a  fourteen  hours'  test  heretofore 
described ;  this  would  be  anticipated  from  diagram  results  in  Table  3. 
Aside  from  the  first  cost  and  labor  of  handling  this  saving  affects  the  time 
lost  by  the  Engines  in  coaling  and  taking  water.  The  latter  is  of  evident 
value  on  limited  trains.  In  the  elevated  service  it  enables,  in  many  cases, 
an  engine  which  reaches  the  terminal  late  to  save  the  time  that  would 
otherwise  be  used  in  taking  water,  thereby  preventing  the  following  train 
from  being  held  by  a  signal.  This  was  a  fact  noticed  and  commented 
upon  by  the  train  despatcher  at  the  terminal  where  water  and  coal  were 
taken. 

The  capabilities  of  the  compound  to  equal  the  simple  engines,  in  mak- 
ing short  runs,  on  quick  time,  were  fully  demonstrated.  This  compound, 
by  reason  of  its  ability  to  be  run  at  will  as  a  simple  engine,  can  equal  the 
maximUYn  power  of  a  simple  engine,  when  the  small  cylinder  on  the  com- 
pound equals  in  size  each  of  those  on  the  simple,  and  the  steam  pressures 
are  alike. 

The  smoothness  of  running  on  the  compound,  as  compared  with  the 
simple,  is  noticeable  in  riding  on  the  engines.    This  is  explained  by  a  com- 
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parison  of  the  resultant  rotative  effects  on  the  crank  pins  for  the  different 
systems,  as  illustrated  graphically,  with  data,  in  Plates  XXX  to  XXXIII, 
inclusive.  This  is  a  very  desirable  result  as  it  atfects  the  connections 
through  the  whole  train. 

The  crank  pins  and  reciprocating  parts  are  not  subject  to  such  high 
pressures  or  sudden  variations  in  stress  during  each  half  stroke  in  the  com- 
pound, a  result  greatly  to  be  desired.  A  comparison  of  stresses  on  the  two 
systems,  with  data,  is  graphically  illustrated  in  /'/a^«  A'A'A'/I'and  ATA'AT. 

Cylinder  oil  can  be  used  with  the  best  economy  in  the  compound 
engine,  the  oil  fed  to  one  cylinder  passing  through  both. 

The  cleanliness  of  the  compound  from  cinders  an«l  sparks  is  a  strong 
point  in  its  favor.  Its  comparative  stillness  is  also  another  desirable  factor 
under  certain  conditions  of  service. 

SECTION    2 — FAST  EXPRESS  SERVICE. 

Description  of  Engines. 

The  compound  locomotive  (No.  2<X)0)  was  designed  for  making  fast  time 
on  trains  with  few  stops;  and  for  a  road  witli  a  level  or  rolling  surface;  the 
idea  being  to  test  its  merits  on  this  class  of  service  against  the  ordinary 
type  of  express  locomotives. 

The  engines  used  in  competition  with  No.  2600  were  No.  .'M,  New  York, 
Providence  and  Boston  Railroad,  and  engines  Xos.  136  and  173,  Boston  and 
Albany  Railroad;  the  latter  two  being  similar  engines.  The  main  dimen- 
sions of  all  three  are  found  in  Table  4  following.  An  inspection  of  thoj^e 
tables  will  show  that  the  engines  were  very  similar,  the  compound  having 
very  little  advantage  in  heating  surface,  and  a  disadvantage  in  tractive 
power  which  counted  against  it  on  the  heavy  grades  of  the  Boston  and 
Albany  Railroad,  work  for  which  this  engine  was  not  designed. 

The  action  of  the  compound  engine  in  sUirting  and  changing  auto- 
matically to  the  compound  .system,  and  also  the  ability  to  run  as  a  simple 
engine,  are  the  same  as  described  under  Section  1. 

Illustrations  of  the  auxiliary  and  intercepting  valve  are  shown  in  Fiff$. 
1,  2  and  3. 

8ERVICB. 

No.  2C00has  been  in  successtul  general  service  on  all  the  heavy  and  fust 
trains  on  the  New  York,  Providence  and  Boston  Railroad,  between  Provi- 
dence and  New  I^ndon,  a  distance  of  sixty-four  miles.  The  terminals  are 
at  tidewater,  and  the  intervening  road  has  a  rolling  surface,  there  I ''ing 
grades  each  way  from  one-half  to  one  per  cent.  Tl»e  line  of  roa*!  is  prac- 
tically straight.  Tables  5  and  6  give  the  results  of  competitive  trials 
on  two  of  these  trains;  that  represented  by  Table  5  was  made  to  show 
coal  economy  only. 

The  service  on  the  Boston  and  Albany  lUilroad  waa  between  Bottoo 
and  Springfield,  a  distance  of  ninety-nine  miles,  and  was  of  a  different 
nature   from   that   on  the  New  York,  I  and  Boston  ICailroad. 

This  will  be  seen  on  reference  to  the  pi *     -■  .   .*  following,  the  stefiM^t 
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grades  on  this  road  having  bad  curves.  In  making  the  schedule  time 
between  the  terminals,  advantage  cannot  be  taken  of  the  down  grades  to 
the  extent  of  over  forty-two  miles  per  hour ;  and  the  making  up  of  lost 
time  is  limited  to  five  minutes  each  between  Worcester  and  Springfield 
and  Worcester  and  Boston  ;  thus  the  time  which  an  engine  designed  for  a 
more  level  road  might  lose  on  a  bad  up-grade  could  not  be  made  up  on  the 
down-grades,  and  but  five  minutes  could  be  made  up  on  the  levels.  In 
order  to  make  the  running  time,  therefore,  little  time  can  be  lost  on  the 
hills.  The  compound,  as  before-mentioned,  is  not  designed  for  this  class  of 
service,  but,  as  will  be  seen  on  reference  to  Tables  7  and  8  following, 
it  had  no  difficulty  in  making  its  time  with  the  other  engines.  Its  ability 
as  a  hill  climber  was  fully  recognized  after  its  experience  with  these  trains. 
This  was  due  to  its  excellent  staying  qualities  when  worked  to  full  capacity 
as  a  compound,  together  with  its  ability  to  get  under  way  quickly  from  a 
bad  starting  place  as  a  simple  engine. 

CONDITIONS  OF  TEST. 

The  competing  engines  on  each  trial  were  run  on  the  same  trains,  the 
same  number  of  days,  with  the  conditions  as  nearly  alike  as  possible,  the 
same  engineer  handling  each  engine,  enough  days  being  taken  to  insure 
a  fair  average.  The  engineers  had  no  experience  with  the  compound  pre- 
vious to  the  first  day  of  each  test;  but  were  regular  runners  on  the  com- 
peting simple  engine,  with  the  following  exception  :  On  the  trial  of  March 
16lh  to  21st,  inclusive,  the  engineer  had  No.  34  but  a  few  days  before  the 
test.  The  runs  on  the  Boston  and  Albany  Railroad  were  exceptionally 
hard  for  each  engine,  as  the  road  was  undergoing  repairs  in  numerous 
places  between  Boston  and  Springfield,  which  necessitated  many  slow-ups 
and  extra  stops. 

On  the  New  York,  Providence  and  Boston  Railroad,  the  conditions  were 
very  similar  for  each  engine  on  each  trial,  with  the  exception  of  the  runs 
on  March  20th  and  21st,  recorded  in  Table  5.  On  these  dates  the  train, 
being  an  hour  late  from  New  London,  was  obliged  to  make  extra  station 
stops,  besides  stopping  for  several  signals,  and  slowing  up  for  the  suburban 
trains  at  stations  near  Providence.  This  affected  the  elapsed  time  between 
New  London  and  Providence  and  also  the  general  average  of  running 
time. 

COAL  AND  WATER  CONSUMPTION. 

The  coal  economy,  as  given  in  Tables  5  to  8,  inclusive,  is  based  on  car 
mileage.  The  results  are  practically  the  same  when  based  on  ton  mileage. 
Coal  was  weighed  to  the  engine  at  the  beginning  of  each  trial,  there  being 
a  low  fire  and  no  coal  on  the  tank ;  that  used  by  each  engine  includes  the 
banking  for  over  night.  At  the  finish  of  the  last  run  of  a  series,  the  fire 
was  allowed  to  burn  low,  and  the  remaining  coal  in  the  tank  was  weighed 
back.  The  coal  account,  in  all  cases,  was  kept  by  an  employe  of  the 
railroad  company. 

The  quality  of  coal  on  the  New  York,  Providence  and  Boston  Railroad 
waa  ordinary  bituminous,  about  one  half  lumps. 
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The  coal  us«'d  on  the  Boston  and  Albany  Railroad  waa  best  quality  of 
Pocahontjis,  well  mixed  with  lumps. 

Accurate  water  measurements  were  attempted  on  but  one  test,  objec- 
tions being  made  to  the  delay  incident  to  taking  accurate  readings  when 
water  is  taken  on  the  line  of  the  road.  From  the  ohsiorvatiuns  which  were 
made,  however,  there  is  every  reason  to  believe  that  the  trial  in  which  the 
water  was  measured  w:is  the  one  in  which  least  was  saved.  This  would 
follow  from  the  fact  that  it  was  the  lightest  of  the  four  tests  in  point  of  work 
done,  and  that  in  wliich  the  least  coal  was  saved. 

On  the  test  in  which  water  was  measured,  careful  attention  was  paid  to 
the  measuring  of  all  quantities  not  used  m  the  cylinder,  and  high  water  in 
the  boiler  was  guarded  against.  The  water  in  the  boiler  water-glass,  was  at 
the  same  place  when  final  tank  reading  was  taken  at  the  end  of  the  round 
trip,  as  when  the  first  reading  was  made,  the  engine  standing  at  the  same 
«pot. 

CYLINDER   PERFXJRMANCE. 

Indicator  diagrams  were  taken  from  No.  2rxX),  in  Section  1 ;  and  the 
diagrams  shown  in  Platf.i  I  to  A'A'/A'  inclusive,  fairly  represent  those  taken 
from  No.  2()00  under  the  same  general  conditions,  the  ratios  of  cylinder 
areas  being  the  same  in  each  case.  The  cylinder  powers  show  very  nearly 
equal, 

Plate  XXI  shows  diagrams  taken  for  experimental  purp  •>«•-  as  explained 
in  Section  1. 

Plate  A'AT// shows  diagrams  taken  in  the  simple  system,  the  conditions 
being  the  same  as  those  under  which  it  is  designed  to  be  used  when  run  m 
a  simple  engine.  No.  47,  on  this  plate,  was  taken  at  an  early  cul-otT  to 
show  the  action  at  tiiat  )>uint. 

GEXEUAL  SUMMARY. 

A  reference  to  Tables  5  to  S,  inclusive,  will  siiow  the  saving  in  fuel  con- 
sumption made  by  the  compound,  on  each  given  service,  running  in  com* 
pelilion  with  selected  engines  on  the  respective  roads;  the  engineer  in 
each  case  being  the  regular  runner  of  the  simple  engine,  but  handling  the 
compound  for  tlie  first  lime.  The  engineers  all  claimed  that  they  could 
do  more  justice  to  the  compound  on  a  longer  actjuaintance. 

All  the  engines  were  as  nearly  alike  >is  was  possible  under  the  circum- 
stances, the  cylinder  action  excepted;  and  t)ie  ditferencos  in  heating  sur- 
face alone  were  too  small  to  aff    '         .reciably  the  fuel  c      - 

The  compound  luis  met  suti-  -y  all  re<jMiren)ent/»  k  and 

fast  running  that  have  been  placed  upon  it. 

In  point  of  cleanliness,  i.e.,  freedom  from  cinders  ami  black  rtiuoke,  the 
com|)Ound  is  a  marke<l  contnist  to  the  simplo  engines.  Thi?*  fraiure  was 
(piickly  observed  and  reuiarknl  by  the  engineer  ami  trainmen  on  the  Anl 
trips  on  each  new  train.  From  this  fact  the  (piefllion  naturally  arise*  why 
the  compound  could  not  be  substituted  for  the  Isirge  and  :le 

coal  burners  which  are  run    at  large  expense  and  coi.  ......   i»le 
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on  some  fast  trains  simply  on  account  of  the  item  of  cleanliness.    No.  2600 
needs  and  has  no  netting  in  the  smoke-box. 

If  the  compound  locomotive  can  be  run  so  that  the  smoke  and  cinder 
nuisance  is  satisfactorily  dispensed  with,  which  would  seem  to  be  the  case, 
the  cost  of  operating  it  as  compared  with  an  anthracite  coal  burner  may 
be  illustrated  from  an  actual  case  as  follows  :  Trains  23  and  42,  New  York, 
Providence  and  Boston  Railroad  (see  Table  5)  have  an  anthracite  locomo- 
tive for  a  regular  engine ;  it  runs  29*5  miles  per  ton  of  coal  as  a  regular 
average.  Another  anthracite  locomotive  on  a  somewhat  lighter  service  on 
the  same  road  runs  30'5  miles  per  ton.  Comparing  the  cost  of  anthracite 
fuel  on  trains  23  and  42,  with  the  cost  of  bituminous  fuel  used  by  the  com- 
pound on  same  trains  (forty-two  miles  per  ton),  the  saving  in  cost  is  forty- 
eight  per  cent.,  the  bituminous  coal  costing  twenty-six  per  cent,  less 
delivered  than  the  anthracite. 

It  is  claimed  that  in  a  properly  designed  compound  locomotive,  the 
stress  eftects  of  the  reciprocating  and  revolving  parts  should  be  more 
regular  than  in  a  simple  engine,  exerting  the  same  power.  (See  Stress 
Effects,  Section  1.)  No.  2600  has  never  shown  a  suggestion  of  heating 
in  any  of  the  bearings  or  journals,  all  of  which  are  of  the  ordinary 
size.  The  fastest  and  hardest  work  has  called  for  but  the  most  ordinary 
care  in  the  lubrication  of  parts.  The  voluntary  verdict  of  all  the  engineers 
is  that  it  is  an  uncommonly  cool  running  locomotive,  light  on  oil,  and 
easy  to  take  care  of;  the  latter  in  their  estimation  being  quite  a  point  in 
favor  of  the  compound. 

The  ability  of  this  type  of  compound  to  be  run  as  a  simple  engine 
enables  it  to  be  run  with  either  cylinder  singly,  in  case  of  break-downs, 
with  no  more  trouble  than  an  ordinary  engine. 

No.  2600  has  so  satisfactorily  met  all  requirements  of  heavy  and  fast  express 
service  that  have  been  placed  upon  it  for  several  consecutive  months,  that  the 
builders  believe  themselves  justified  in  claiming,  as  a  conservative  estimate, 
a  saving  of  fifteen  per  cent,  to  twenty-five  per  cent,  fuel  on  express  service 
by  a  properly  proportioned  compound  of  this  type,  in  competition  with  a 
simple  locomotive,  the  amount  of  saving  depending  on  the  service;  also  a 
decided  advantage  in  cleanliness ;  and  freedom  from  heating  tendencies, 
the  latter  signifying  light  oil  consumption. 
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APPENDIX   II. 


{A)  CONTAINING  THE  DATA  AND  DESCRIPTIVE  MATTER  RELATIXi;  TO  EXISTIXG 
INVENTIONS  AND  MECHANISMS,  DEVISED  BY  OTHERS  FOR  OPERATING  TWO 
CYLINDER  COMPOUNDS— PUBLISHED  AT  HOME  AND  ABROAD— TOGETHER 
WITH  THE  EXPERIENCE  AND  OPINIONS  OF  THE  MEMBERS  OF  THE  (X>M- 
MITTEE  ON  «  CKiRDINATE  BRANCHtlS  OF  THE  Sl'lUECT. 


"TJie  locomotive  i$  not  Vie  invention  qf  one  man,  but  t\f  a  nation  oj  mechanieul  enffinferi." 

—  ROBIkT  Stepiienk)!*. 

The  pen  of  locomotive  liistoi y  luv?  recorded  little  or  nothing  of  practical 
value  during  the  lirst  twelve  centuries  of  our  era. 

Whether  the  announcement  of  M.  Pamhour,  made  in  the  year  1835, 
that  "locomotive  engines  were  the  tirst  of  all  engines,"  be  true  or  not,  we 
can  refer  with  confidence  to  the  W()rd3  of  Roger  Bacon,  written  more  than 
600  years  ago,  in  which  he  says  :  "  We  will  be  able  to  propel  carriages  with 
incredible  speed  without  the  assistance  of  any  animal.' 

The  long  years  succeeding  this  prophecy  were  filled  with  "speculations 
wild  and  visionary  theories  absurd  "'  (so  the  recortls  tell  us),  down  to  the 
date  of  Ramsay's  English  patent  in  1618,  which,  in  the  quaint  language  of 
the  time,  offers  us  :  "  A  Jarre  more  eatie  and  belter  uuye  for  the  carrying  of 
coaches,  carts,  drayes  and  other  things,  going  on  whreh,  than  ever  yet  xva»  used  or 
discovered.'' 

Even  the  great  Sir  Isaac  Newton,  in  the  year  1680,  tries  his  hand  at 
inventing  a  road  locomotive,  but  whether  it  ever  passed  !>eyond  "  the  idea 
only  for  other  minds  to  work  upon,"  history  ia  silent. 

The  period  of  fruitful  experiment  with  locomotive  engines  having 
cylinders  and  pistons  and  the  necessary  valve  gear  with  linkages  to  cranks, 
begins  with  a  French  engineer,  namtMl  Cugnot,  in  the  years  176.'^  to  1770, 
and  was  continued  by  Murdock  in  17S4,  and  by  Trevithick  and  Vivian 
in  1800,  who  at  once  .solved  the  problems  of  higii-presHure  steam  and 
simplicity  of  construction.  Our  "  Watt  of  America  " — Oliver  Evan»— in 
1804,  built  that  odd  machine  which  was  at  home  on  land  or  in  w  d, 

in  common  with  Murd»>ck,  used  the  "  grasshopper  engine,"  wii;.  .*....a1 
steam  cylinder. 

Gurney's  steam  coach  of  1828  is  interesting  as  showing  a  horitonUl 
cylinder  having  rod  connections  from  a  i)i«ton  to  a  crankeil  d  '  -  v\ 

axle,  upon  which  is  an  eccentric  for  w«»rking  the  valve,  i  ^  :jr 
cutting  off  at  half  stroke  and  with  a  link  for  revers^ing.  He  aln..  n*e^\  one 
of  the  earliest  "sectional  boilers,"  in  which  he  carriwl  steam  of  fcvenly 
pouiuls  presMun-  per  square  inch. 

But  when  the  celebrated  Kainhill  trial  aimc  off  in  October  6,  1829, 
Stephenson's  "  Rocket  "held  the  track  alone,  having  more  than  pcrfonncd 
all  the  stipulated  conditions.     This  was  the  rt-sull  <»f  Step  '•  r««)lro 

in  181Ji  to  make  himself  thoroughly  ac<|uaint«d  with  «;..*.     ...l  already 
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been  done,  and  of  subsequent  application  to  accomplish  the  grand  object 
of  inventing  an  efficient  and  economical  working  locomotive. 

Much  of  this  history  was,  of  course,  interlined  with  inventions,  which, 
like  pure  intents,  came  to  nothing;  many  were  worthily  conceived,  but 
were  bad  in  construction,  and  for  want  of  proper  tools  and  ripeness  of  time 
were  never  repeated. 

Stephenson's ''  Rocket "  achieved  a  great  victory,  impressing  the  assem- 
bled multitude,  on  the  occasion  of  the  great  trial,  as  well  as  the  people 
throughout  the  whole  kingdom.  It  ushered  in  a  widespread  railway 
mania,  taking  precedence  over  every  other  enterprise. 

"  Nothing  will  beat  the  locomotive,"  says  Stephenson,  "  for  efficiency 
in  all  weathers,  for  economy  in  drawing  loads  and  for  power  and  speed  as 
occasion  may  require."  We  need  not  ask  as  to  the  fulfilment  of  Stephen- 
son's prediction.     It  is  everywhere,  in  every  country,  amply  verified. 

The  locomotive,  with  two  equally  sized  high-pressure  cylinders, 
improved  and  perfected  from  the  Stephenson  model,  which  "held  the 
road  "  in  his  day,  is  well  nigh  the  universal  type  of  our  time. 

Let  us  right  here  be  particular  in  our  statements  regarding  the  earliest 
conception  and  development  of  the  two-cylinder  compound  steam  engine. 
There  have  been  many  opinions  published  concerning  the  origin  of  this 
important  invention.  We  make  no  further  apology,  therefore,  for  setting 
this  matter  aright,  and  quote  Mr.  Wm.  Pole's  conclusions  from  his  thor- 
ough study  and  publication  of  them  in  Newton's  London  Journal  of  Arts, 
for  August,  1863: 

"The  double-cylinder  engine  was  invented  by  Jonathan  Hornblower, 
a  mechanical  engineer  of  considerable  eminence  in  Cornwall,  who  took  an 
important  part  in  the  application  of  the  steam  engine  in  that  district, 
during  the  early  part  of  Watt's  career.  The  idea  appears  to  have  occurred 
to  him  early  in  the  year  1776,  if  not  before. 

"  He  experimented  upon  a  large  working  model.  The  cylinders  of 
which  were  eleven  and  fourteen  inches  diameter,  respectively;  and  he 
published  his  invention  in  1781,  describing  it  as  consisting  in  the  employ- 
ment of  two  steam  cylinders — the  steam,  after  it  had  acted  in  the  first 
cylinder  being  employed  a  second  time  in  the  other,  by  permitting  it  to 
expand  iteelf;  the  two  cylinders  being  connected  together  by  suitable 
steam  ports  and  valves.  At  the  same  time,  he  described  also,  shortly  but 
clearly,  several  other  inventions  relating  to  the  steam  engine.  One 
referring  to  surface  condensing,  which  is  so  much  applied  in  modern  days; 
others  to  means  of  getting  rid  of  the  air  and  condensing  water;  and 
another  invention  was  a  steam  piston,  which  altered  into  a  steam  stuffing- 
box,  is  in  common  use  at  the  present  time.  Here,  therefore,  was  clearly 
developed  the  theoretical  principle  as  well  as  the  practical  application  of 
the  expansion  of  steam ;  and  it  is  beyond  dispute  that  the  first  publication 
of  the  principle  to  the  world  was  this  of  Hornblower's." 

Dr.  Thurston,  in  his  drowih  of  the  Steam  Engine,  says:  "Richard 
Trevithick  was  the  first  engineer  to  apply  steam  power  to  the  haulage  of 
loads  on  the  railroad." 
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Mr.  Samuel  Smiles,  in  his  Lives  of  the  Stf-phnnoni,  recorded  the 
following  important  departure  from  almost  univensal  previous  :-•  r* : 
"In  Trevithick's  engine,  the  piston  was  not  only  raised,  hut  wsa  ».  -'-d 

by  the  action  of  the  steam,  being  in  this  respect  an  entirely  original  inven- 
tion and  of  great  value." 

"Mr.  Trevithick  knew  of  Mr.  llornblower's  double-cylinder  engine  in 
the  year  1792;  he  had  spoken  to  Davies  Gilbert  in  17%  on  the  po«»ibility 
of  making  an  engine  to  work  by  the  force  of  steam." 

"An  old  accouni  book  of  Trevithick'.s,  dated  1800,  gives  the  detail  iieins 
in  the  manufacture  of  the  tirst  steam  carriage."  "  It  was  in  progress  in 
1800,  and  on  Christmas-eve,  1801,  conveyed  the  first  load  of  pajisengers 
ever  move<l  by  the  force  of  the  steam." 

"Trevithick's  high-pressure  engine,  which  wjis  worke<l  by  the  force  of 
Bteam,  sixty  pounds  or  more  to  the  square  inch. 

"One  of  the  gains  from  the  Trevithick's  high-presaure  engine  wa«  its 
portability  and  cheapness. 

"  This  engine  had  little  or  no  resemblance  to  any  steam  engine  that 
had  preceded  it. 

"The  boiler  was  cylindrical,  in  which  the  steam  cylinder  wa«  fixed ; 
the  tubular  boiler  flues  were  of  wrought  iron,  and  entirely  within  the  boiler. 

"The  exhausted  steam  having  done  its  work  in  the  cyhnder,  at  a  pres- 
sure of  sixty  pounds  to  the  inch,  passed  into  the  chimney  as  a  steam  blast, 
causing  an  intensely  hot  fire,  and  in  its  passage  heated  the  feeii  water. 

"A  patent  was  granted  on  the  24lh  of  March,  1802,  to  Richard  Trevi- 
thick and  Andrew  Vivian,  for  steam  engines  for  propelling  carriages,  etc., 
which  may  be  read  and  .studied  by  the  young  engineer  with  pleasure  and 
profit,  even  in  this  age  of  greatly-improved  steam  mechanism." 

Mr.  Trevithick,  in  i\\o  year  18<J2,  made  engines  having  two  steam 
cylinders,  which  were  connected  to  cranks  at  right  angles,  and  they  used 
the  "  blast-pipe;'  such  engines  were  called  "  pulfers." 

These  engines  were  the  first  of  the  high-pressure  double-cylinder  type 
used  in  Cornwall.  Mr.  Trevithick's  patent  of  1S02  recommends  the  use 
of  two  cylinders. 

"The  specification  of  the  patent  granted  to  Messrs.  Trevithick  and 
Vivian  is  descriptive  of  a  high-pressure  engine,  the  most  simpK*  and 
effective  ever  known."  **  It  exhibits  in  construction  the  most  beautiful 
simplicity  of  parts,  the  most  sagacious  selection  of  appropriate  forms, 
their  most  convenient  and  effective  arrangement  and  connection:  uniting 
strength  with  elegance,  the  necessary  solidity  with  thogreatei^'  "  ^'  '  "v, 
possessing  unlitnited  power,  with  a  wonderful  phjincy  to  arcon.  o 

a  varying  resistance  ;  it  may,  indeed,  be  called  thr  $Uam  engiw." 

From  D.  K.  Clark's  Tlv  Steam  Engine,  18'.«0,  vol.  iv,  p.  647,  we  take  a 
few  paragraphs  containing  important  references  : 

"  1 1  appears  that  the  receiver  typo  of  online  was  introduced  and 
brought  prominently  forward  by  Mr.  E.  A.  Cowpor,  who  states  that  'about 
the  year   1838,  a  small  steamboat,  the  AVn.  had  a  high- and   '  •  ••ure 

cylinder,  with  a  pipe  connecting  them  and  cranks  at  right  an^. 
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From  :Mr.  Thomas  Craddock's  book,  called  The  Chemistry  of  the  Steam 
Engine,  published  in  London  in  1848,  we  make  the  following  extracts: 

On  p.  51  he  says  :  "  Owing  to  the  superiority,  as  it  appears  to  me  of 
two  cylinders  instead  of  one  for  the  most  economical  use  of  steam  expan- 
sively, I  turned  my  attention  to  the  combining  in  the  simplest  and  most 
compact  manner  these  two  cylinders,  so  as  to  prevent  as  little  loss  of 
steam,  by  cooling  and  useless  expansion  between  the  two  cylinders  as 
possible.  For  this  purpose  I  devised  what  I  would  designate  the  twin- 
cylinder  engine,  having  one  valve  serving  for  the  ingress  and  egress  of  the 
steam  into  both  cylinders.  By  this  means  we  make  one  eccentric,  one 
valve,  one  cross-head,  and  one  connecting-rod,  with  one  steam  box,  serve 
the  purpose  of  both  cylinders." 

In  the  month  of  April  and  year  1844,  Mr.  Craddock  made  experiments 
with  a  compound  engine  of  his  own  designing,  which  he  says  is  "the  first 
engine  ever  constructed  on  the  principles  I  am  here  treating  of,  which  are 
those  of  condensing  by  air  with  the  production  of  a  vacuum." 

The  extent  of  the  vacuum  obtained  by  these  means — a  revolving  fan 
wheel — was  eighteen  inches. 

"  On  the  application  of  the  invention  under  discussion  to  locomotive 
engines,  I  have  thought  much,  as  we  had  at  one  time  determined  on  con- 
structing a  locomotive  upon  the  principles  I  have  set  forth." 

"  The  best  mode,  as  it  appears  to  me,  of  applying  these  principles  for 
locomotive  purposes,  would  be  to  construct  a  tubular  boiler,  having  several 
ranges  of  tubes."  *  -^  ^  "  I  should  also  propose  that,  to  insure  the  most 
economical  use  of  the  steam,  the  tivin  cylinders,  of  which  I  have  before 
spoken,  be  fixed  much  in  the  same  way  as  the  cylinders  are  at  present. 
We  should  then  have  a  combination  of  the  high-  and  low-pressure  engine 
moving  itself  and  a  train  along  our  railway."  "Another  thing  to  be 
desired,  which  would  result  from  such  locomotives,  as  I  am  here  speaking 
of  (with  air  condensation  and  return  of  condensed  steam  to  the  boiler 
again)  is,  that  we  should  have  no  noise  from,  or  even  appearance  of 
steam." 

Mr.  Craddock  further  states  that,  with  his  twin  engine  of  six  and  four-' 
teen-inch  cylinders  combined  with  his  air  condenser,  by  which  he  obtained 
a  twenty-four  inch  vacuum,  thus  realizing  his  anticipations;  he  also  per- 
formed a  double  quantity  of  work  with  the  same  quantity  of  steam.  "  I 
have  fixed  upon  115  pounds  as  the  pressure  of  steam  in  the  boiler,  because 
that  is  the  pressure  I  have  used.  But  many  years  will  not  pass  before 
200  pounds  pressure  per  square  inch  will  be  used,  and  this  with  almost  total 
exemption  from  danger." 

Mr.  Craddock's  patent  universal  condensing  steam  engine  bears  date 
the  3d  of  December,  1846,  and  embodies  a  claim  for  the  adaptation  of 
double-cylinder  engines,  attached  to  separate  cranks,  to  railway  loco- 
motives, and  a  claim  for  the  adaptation  of  the  angularly -set  double-cylin- 
der engine,  attached  to  a  single  crank,  to  railway  locomotives.  He  further 
says  more  specifically,  "  I  claim,  in  relation  to  all  that  class  of  high-pres- 
sure engines  in  which   steam  of  a  high  pressure  is  used   in  one  small 
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THOMAS   CRADDOCK'S    PATENT    UNIVERSAL   CONDENSING 
ENGINE. 

As  applied  to  the  locomotive,  with  the  angular  set  engine  and  the  two 
connecting  rods  taking  hold  of  one  driving-wheel  on  each  side. 


{Com.  Science  mid  the  Ar/s.) 


VERSAL    CONDENSING 


ular  set  engine  and  the  two 
leel  on  each  side. 
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{Com.  Science  and  the  Arh  ) 


(CK'S  PATENT  UNIVERSAL 
DNSING   ENGINE. 

comotive  purposes.  In  this  ar- 
lel  cylinders  are  shown  with  the 
ng  hold  of  two  driving  wheels  on 
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cylinder,  and  then  expanded  into  a  second  and  larger  cylinder,  the  setting 
of  the  cylinders  at  an  angle  and  connecting  them  to  one  crank  pin,  whether 
combined  or  not  combined  with  my  other  improvements,  all  or  any  of 
tliem,  and  in  whatever  position  the  said  cylinders  may  be  fixed  in  oiht- : 
respects,  as  horizontally,  vertically  or  obliquely. 

Mr.  Craddqck's  book,  published  in  London  in  1^47,  giving  full  descrip- 
tions of  his  engines,  is  illustrated  by  ten  large  folding  philen  •'  --■leral 
and  detailed  views,  well  and  hand.somely  executed.     Three  of  ;  ..ileM 

represent  railway  locomotives,  with  two  cylinders,  a  high-  and  a  low- 
pressure  on  eacli  side  of  each  engine.  In  one  of  them,  with  parallel- 
located  cylinders,  each  cylinder  is  connected  to  a  crank  of  it«  own-— two 
to  a  forward  and  two  to  a  backward  driving  axle;  in  the  other,  both 
cylinders  on  each  side,  angularly  set,  so  that  the  axis  of  each  passes 
through  the  centre  of  the  driving  axle,  connect  to  one  crank  and  to  one 
driving  axle;  the  former  having  four  driving  wheels  and  the  latter  two,  no 
side  rods  on  either.  Illustrations  of  both  these  types  of  construction  are 
given  herewith,  which  sufliciently  explain  themselves. 

Mr.  Craddock  says:  "I  ask  the  reader  carefully  to  note  how  every 
principle,  which  is  desirable  for  economy  both  in  fuel  and  boiler  is 
embodied  in  the  locomotive  represented  in  the  drawing.  There  we  have 
great  extent  of  grate,  low  state  of  combustion,  great  extent  of  surfin''. 
water  free  from  deposit,  the  blast  not  re«|uired,  the  atmosphere  remo\oil 
from  the  exhaust  side  of  the  piston,  safety  (nnu  explosion,  every  facility 
for  raising  the  pressure  higher  at  which  the  steam  is  generated,  a  le.«yi 
tendency  to  priming,  every  facility  for  carrying  out  tlu*  expansion  princi- 
ple, the  tender  dispensed  with,  the  engine  of  less  weight,  no  steam  blowing 
away  at  the  safety  valve,  supplies  of  water  not  requiretl  further  than  a  lew 
gallons  per  day  to  make  up  for  leakage.  In  short,  here  is  every  principle 
recjuisite  to  the  most  perfect,  the  most  economical  engine.  Never  !'  ! 
more  sound  principles  combine  t<»  invite  a  fair  trial  nf  any  iiia<  iiine  i  . 
this  invention  exhibits." 

Mr.  Craddock  proposed  to  prtnluce  steam  without  blant,  by  incre»>  ;  j 
the  grate  surface  to  make  up  for  this  loss,  he  would  thus  secure  a  (jumI 
running  and  clean  engine.  He  condent^ed  all  the  exhauHt  ^team  in  an 
enclosed  air  fan  wheel,  returning  all  the  water  of  condenfation  kuick  to 
the  boiler  for  reconversion  into  steam.  He  used  tubular  Uiileni,  wlr.<  li 
aflford  thin  metal,  witJi  large  extent  of  surface,  suppliin)  pure  water  to  t;.. 
boiler  and  thus  avoi<led  *' «lepo«it,"  condensed  the  steam,  thu^  avAilni- 
himself  of  the  benefit  of  expansion  at  the  bett  end  of  it. 

The  locomotive  cylinders  have  a  dian  •  ilio  of  II" 

12;  driv«;r  diameter  of  .'>ii  and  gauge  of  r.--        ..     (No  scale  «■ 

Mr.  Craddock  certainly  conceived  many  happy  engine  thoughtji,  and 
published  much  data  having  creditable  simplicity,  well  worth  our  •!< 

His  theories  and  priruii  '        -^  .-.  .:        are  wr"  '     '  ■•••»i  ni.u.s 

lines  of  perfection,  and   <  id   conii  .1  ye.ir* 

and  more  of  daily  experimentation,  fraught  as  they  are  wUh  resulu, 
deserve  well  of  our  praise. 
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Mr.  F.  W.  Crohn,  in  Proc.  Inst.  M.  E.,  London,  1879,  p.  357,  said  the 
"continuous  expansion"  system  was  the  invention  of  Mr.  John  Nicholson 
(in  the  year  1850,  the  same  as  Samuel's,  referred  to  later  on),  and  engines 
on  that  principle  were  to  this  day  made  in  considerable  numbers  at  the 
Blackwall  Iron  Works  for  marine  purposes. 

These  engines  have  been  much  simplified;  they  have  no.  receiver  and 
have  but  one  valve  to  each  cylinder,  the  steam  going  direct  from  the  high- 
pressure  cylinder  into  the  valve  chest  of  the  low-pressure. 

The  first  locomotive  built  on  this  system  showed  an  economy  of  twenty 
per  cent,  of  coke  over  ordinary  engines,  when  cutting  off  at  one-third,  the 
work  performed  being  equal  in  each  case,  the  cylinders  were  15  and  17J 
inches  diameter,  giving  a  ratio  of  1 : 1'36  of  area. 

Ifr.  James  Samuel's  patent  bears  date  April  5, 1850,  in  which  claim  8th 
describes  steam  engines  adapted  for  economizing  steam  and  fuel.  "Their 
cranks  are  placed  at  right  angles  with  each  other  or  nearly  so,  and  with 
two  or  more  cylinders.  A  portion  of  the  steam  admitted  into  the  first 
cylinder  is  caused  to  pass  into  the  second,  and  if  more  cylinders  be  used, 
the  steam  is  passed  in  both  cylinders  in  succession. 

Olh.  "A  hollow  slide-valve  with  metallic  packing  and  springs,  to  allow 
steam  from  the  exhaust  to  pass  through  the  back  of  the  valve."  For 
detAils,  of  which  see  Mech.  Mag.  for  1850,  p.  403,  London. 

Extracts  from  a  paper,  by  Mr.  James  Samuel,  of  London,  on  a  continuous 
expansion  stfam  engine,  from  Proceedings  of  the  Institution  of  Mechanical 
Engineers,  Birmingham,  England,  January  28,  1852  : 

"The  economy  of  working  steam  expansively  is  well  known,  but  the 
application  of  the  expansion  principle  is  practicable  only  to  a  limited 
extent  in  most  forms  of  engine,  from  practical  difficulties  in  their  mode  of 
working,  which  prevent  the  attainment  of  the  full  economy  of  which  the 
expansive  principle  is  capable." 

"  In  the  locomotive  engine  there  are  practical  difficulties  in  carrying 
out  the  expansion  principle  efficiently,  beyond  a  moderate  extent,  in  a, 
single  cylinder,  from  the  shortness  of  stroke  and  rapidity  of  reciprocation 
and  the  construction  of  the  valve  motion ;  but  the  ultimate  extent  to  which 
it  could  be  carried  would  be  limited  by  the  maintenance  of  the  blast,  which 
requires  that  the  jets  of  steam  discharged  from  the  cylinder  into  the  blast 
pipe  should  not  be  reduced  below  a  certain  pressure  at  the  moment  of 
discharge.  Otherwise,  the  limit  to  which  expansion  might  be  carried 
would  be  the  resistance  of  the  atmosphere  to  the  discharge  of  the  steam, 
added  to  the  friction  of  the  engine,  say  about  ten  pounds  per  inch  above 
the  atmosphere." 

"  The  Hteam  is  cut  off  usually  by  the  link  motion  at  from  one-third  to 
lwo-third.s  of  the  stroke,  and  the  steam  is  consequently  discharged  into 
the  blast  pipe  at  about  from  thirty  to  sixty  pounds  pressure  above  the 
atmf>«phere,  supposing  it  to  be  supplied  to  the  cylinders  at  100  pounds  per 
inrh  above  the  atmosphere." 

"  It  appears  that  the  lower  of  these  pressures  is  sufficient,  or  more  than 
sufficient,  for  the  purposes  of  the  blast,  to  maintain  fully  the  evaporative 
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power  of  the  boiler  under  general  circumstances,  and  that  a  portion  of  the 
steam  discharged  can  be  spared  from  the  blast  to  be  subjected  to  a  greater 
extent  of  expansion." 

"  In  the  continuous  expansion  engine,  the  subject  of  the  preeent 
paper,  the  steam  from  the  boiler  is  supplied  only  to  one  cylinder;  a 
portion  of  it  is  expanded  into  the  second  cylinder,  which  is  of  proportion- 
ately larger  area,  so  as  to  equalize  the  total  moving  power  of  the  two 
cylinders ;  and  it  is  there  further  expanded  down  to  the  fullest  useful 
extent,  and  then  discharged  int«)  the  atmosphere,  the  portion  of  steam 
remaining  in  the  first  cylinder  being  discharged  as  a  blast  at  nearly  the 
same  pressure  as  the  ordinary  engines.  The  economy,  therefore,  consists 
in  obtaining  from  such  portion  of  the  steam  as  can  be  spared  from  the 
blast,  the  additional  power  of  expansion  remaining  in  it,  which  is  thrown 
away  in  the  ordinary  engine." 


Fig.  4. 

Fig8.  4  and  5  show  the  continuous  expansion  engine  as  applied  to  a 
locomotive.  A  in  the  lirst  cylinder  into  which  the  steam  in  n<liuitte<l  from 
the  steam  pipe.  C,  by  a  valve  1>,  in  the  same  manner  a^  in  the  ordinary 
engines.  The  steam  is  cut  otf  at  half-stroke,  and  a  communication  t< 
then  opened  with  the  srrond  cylinder  li,  through  the  paiMHg««  //  and  F, 
by  the  opening  of  the  slide  valve  d.  The  second  cylinder  H,  is  about 
double  the  area  of  the  iirbt  cylinder,  and  the  same  length  of  Mlroke,  but 
the  cranks  are  set  at  right  angles,  as  in  ordinary  locomotivefl;  conse- 
quently, at  the  moment  of  the  steam  being  pii.H.ieil  into  lht»  ««•         ' 

from  the  lirst,  the  piston  of  the  second  cylinder  is  at  the  ci^;... : 

of  its  stroke." 

Ttie  steam  continues  expanding  in  the  two  cylinders  until  the  first 
pistot)  /(  has  nearly  completed  its  stroke,  when  the  vnlvo  d  shut*  ofT  the 
communication   iHtwrtu   tin-  two  evlin<!i!-     .ind    the  valve  li  openii  the 
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exhaust  port,  and  communicates  with  the  blast-pipe  L,  discharging  the 
steam  remaining  in  the  cyUnder  A,  to  form  the  blast  in  the  ordinary 
manner.  The  second  piston  B  has  then  arrived  nearly  at  half-stroke,  and 
conti\ins  nearly  one-half  of  the  total  quantity  of  steam  originally  admitted 
to  tlie  first  cylinder.  This  steam  is  further  expanded  to  the  end  of  the 
stroke,  and  then  discharged  into  the  blast  pipe  L  by  the  valve  E,  opening 
the  exhaust  port. 

The  return  stroke  of  both  pistons  is  exactly  similar  to  the  foregoing, 
8o  that  about  one-half  cylinder  full  of  high-pressure  steam  (or  such  other 
portion  as  may  be  desired),  is  supplied  to  the  first  cylinder  at  each  stroke, 
and  between  one-half  and  two-thirds  of  that  steam  is  discharged  at  the 
pressure  required  to  produce  the  blast,  and  the  remainder  of  the  steam  is 
expanded  down  in  the  second  cylinder,  so  as  to  give  out  all  the  available 
power  remainmg  in  it. 


Fiu.  5. 

For  the  purpose  of  enabling  the  engine  to  exert  an  increased  power,  if 
required,  at  the  time  of  starting  a  train  or  otherwise,  the  slide  valve  /is 
inserted  in  the  centre  passage  F  to  close  the  communication  between  the 
two  cylinders  for  a  short  time  when  required,  and  the  steam  from  the 
boiler  is  then  admitted  by  a  pipe  and  cock  into  the  steam  chest  of  the 
second  cylinder  B,  which  is  then  worked  independently  of  the  other  cylin- 
der, like  an  ordinary  engine. 

"  The  wjrnpacative  quantity  of  steam  or  of  coke  required  to  perform 
the  same  work  in  the  several  engines,  under  the  circumstances  stated 
above,  is  given  by  calculation  as  follows ; 

O.-  •  ■    rpanBion  engine joo 

<^  neruuin;<o(rat '.   .'^stroke,!  .'  .'   120 

Yi      "         ...    154 

%      "         ...    185 

%      "         ...    220 
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"These  figures  represent  the  relative  economy  in  the  employment  of 
the  steam  in  the  several  engines ;  consequently,  the  ordinary  engine,  with 
the  best  degree  of  expansion,  or  cutting  off  the  steam  at  one-third  of  the 
stroke,  consumes  twenty  percent,  more  coke  than  the  continuous  expan- 
sion engine,  to  do  the  same  work,  and  from  fifly-four  to  eighty-five  per 
cent,  more  coke  with  the  more  usual  degrees  of  expansion  ;  and  an  engine 
cutting  off  the  steam  at  only  one-eighth  of  the  stroke  from  the  termina- 
tion, aa  many  engines  were  formerly  made,  would  consume  120  per  cent, 
more  coke  to  do  the  same  work." 

"This  plan  has  been  tried  upon  two  locomotives  with  satisfactory 
results,  and  the  blast  was  found  to  be  quite  satisfactory,  when  working  the 
regular  passenger  and  goods  trains  at  full  speed. 

"One  of  the  engines  tried  was  a  goods  engine  of  the  largest  size,  on 
the  Eastern  Counties  Railway ;  the  valves  only  were  alterfnl,  and  the 
second  cylinder  was  not  enlarged.  It  was  only  a  temporary  experiment, 
which,  of  course,  caused  a  reduction  in  the  extreme  power  that  the  engine 
could  exert  and  the  object  was  more  particularly  to  sec  how  the  principle 
could  be  best  carried  out  in  j)ractice,  and  whether  the  proposed  reduction 
in  the  blast  could  be  effected ;  the  result  was  a  saving  of  twelve  pounds  of 
coke  per  mile  in  consumption." 

The  steam  was  only  supplied  to  one  cylinder  instead  of  two,  and  there- 
fore so  much  less  consumption  of  steam  would  take  place. 

Mr.  Samuel  explained  that  the  engine  did  the  same  usual  work  during 
the  trial  as  before  ;  the  engine  driver  could  work  the  engine  in  the  ordinary 
manner  up  the  inclines  by  shutting  the  communication  between  the  two 
cylinders,  or  the  engine  could  not  probably  have  taken  the  load  through 
the  trip,  but  he  might  be  using  more  steam  than  usual  in  the  one  cylinder 
by  keeping  the  regulator  more  o[)en. 

Mr.  Sanuiel  further  ^^aid  :  That  in  the  two  engines  that  had  been  tried, 
no  difficulty  appeared  in  making  steam,  and  they  were  not  found  short  of 
steam.  Goods  engines  working  at  slow  speed  might,  perhajw*,  be  found 
the  most  useful  cases  for  applying  the  principle.  The  other  engine  that 
hatl  been  tried  was  a  passenger  engine,  in  which  the  second  cylinder  was 
made  double  the  area  of  the  tirst ;  and  it  was  never  found  short  of  steam, 
though  running  an  express  train  of  considerable  weight.  •  •  •  The 
only  definite  result  obtained  was  with  respect  to  the  sufficiency  of  the 
blast,  which  proved  quite  satisfactory  during  the  regular  passenger  train 
work  of  about  a  month. 

It  was  remarked  there  wxH  one  n- 'vei  <inu;  :it 

of  the  propose*!  engine,  which  did  not  ap|H>ar  •  le 

previous  double-cylinder  otigines,  the  first  piston  was  alloweii  to  complete 
its  stroke  before  the  steam  was  cxpandetl  into  the  necond  cylinder,  but  in 
this  engine  the  steam  is  pa.ssed  into  the  second  cylinder  at  the  middle  of 
the  stroke  of  the  first  piston,  thereby  tnkiiiK  the  steam  ixwny  Ht  lhf»  very 
moment  that  it  is  most  efficient  in  the  small  cylinder 

Mr.  Samuel  explaine<l  that  at   the  "  ■)ke  of  • 

second  piston  was  at  its  dcaii  point,  auvl       .,  ...    to  niuv. 
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the  communication  was  opened  between  the  two  cylinders,  and  conse- 
quently took  very  little  steam,  whilst  the  first  piston  moved  through  the 
greater  portion  of  its  remaining  stroke ;  but  then,  as  the  first  piston  was 
getting  less  effective  and  approached  its  dead  point,  the  second  piston 
came  gradually  into  full  action,  making  a  continuous  expansive  action, 
which  was  the  peculiar  feature  of  this  engine,  instead  of  the  intermittent 
expansion  of  the- other  double-cylinder  engijies. 

This  was  borne  out  by  the  diagram  taken  ;  showing  a  nearly  continuous 
line  of  expansion  from  beginning  to  end  of  the  stroke ;  and  the  great 
uniformity  in  the  total  moving  power  of  the  two  cylinders  was  shown  in 
diagram  also. 

For  these  and  other  details,  see  original  articles  in  Mechanics  Magazine^ 
London,  1850,  and  the  paper  quoted  above. 

Mr.  D.  K.  Clark  says  that,  judging  from  the  results  obtained,  the 
capabilities  of  Mr.  Samuel's  system  of  working  steam  expansively  were 
superior  to  those  of  any  other  that  had  fallen  under  his  observation. 
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{B)  aATA  RESPECTIKG  ENGLISH,  FRENCH  AND  LNITED  STATES  PATENTS,  WITH 
I'ARTICCLAR  REFERKNCE  TO  SDCH  DEVICES  AS  RELATE  TO  THE  SUBJECT 
OF   THIS    REPORT,  ARRANGED   CHRONOLOGICALLY. 

The  foundations  of  the  compound  locomotive  engine  were  hiid  in  the 
year  1776,  by  Mr.  .Tonatlian  Ilornblower,  who  invented  and  built  a  steam 
engine  in  that  year  and  patented  the  same  in  1781.  In  this  engine  the 
steam,  after  working  in  the  first  cylinder,  was  exhausted  into  the  second 
one,  which  was  made  larger  than  the  first,  thus  permitting  additional 
expansion  of  the  steam.  In  this  engine  the  pistons  of  both  cylinders  w^ere 
connected  to  one  working  beam,  and,  therefore,  both  pistons  moved  in  the 
same  direction  at  the  same  time. 

In  the  year  1S3S,  Mr.  E.  A.  Cowper  employed  a  compound  engine,  the 
two  cylinders  of  which  were  connected  by  a  "  receiver  "  and  the  pistons 
were  connected  to  two  cranks  at  right  angles  to  each  other.  Many  experi- 
ments were  made  for  determining  the  proper  size  of  the  receiver  and  the 
losses  of  heat  by  radiation  and  otherwise. 

The  direct  application  of  compound  steam  cylinders  to  locomotives  is 
clearly  and  elaborately  shown  by  Mr.  Thomas  Craddock,  and  patented  by 
him  in  the  year  1846,  but  we  are  not  aware  that  his  engines  were  put  upon 
the  road,  and  for  this  reason  the  honor  of  first  inventing  and  also  running 
a  compound  locomotive  belongs  to  Mr.  .John  Nicholson  (a  "driver").  This 
type  of  engine  was  further  improved  and  patented  by  Mr.  James  Samuel 
in  the  year  I'^oO. 

The  English  patent  of  Frazer  Selby,  September  0,  1S()2,  shows  annular 
cylinders  proportioned  in  area,  1  :  4^  ;  also  two  cylinders  side  by  side  of 
same  proportion.  There  is  no  provision  for  starting  or  of  equalizing  the 
total  pressure  in  the  two  cylinders.  His  drawings  are  well  proportioned 
and  admirably  worked  out  in  tletail. 

"About  the  year  1870  the  Remingtons,  at  their  works  in  Ilion,  N.  Y., 
built  a  compound  steam  car  for  the  Worcester  and  Shrewsbury  Ilailroad 
Company  for  suburban  trallic.  Two  cylinders  were  usetl  with  means  of 
supplying  boiler  steam  to  the  larger  cylinder  as  occa-sion  requiretl.  This 
engine  gave  go(xl  satisfaction  until  it«  withdrawal  from  sen'ice  a  few  years 
ago."  These  facts  are  stated  by  Mr.  W.  F.  Dixon,  of  Paterson,  N.  J,,  in 
Trans.  Soc.  A.  S.  M.  K.  This  is  Mr.  Wm.  Baxter's  engine,  in  which  n  spe- 
cial slide  valve,  located  in  the  high-pressure  steam  chest,  was  used  (under 
control  of  the  -engineer),  for  admitting  l)oiler  steam  to  the  low-pressure 
cylinder  an<I  nt  the  Hame  time  permit  the  exhaust  of  the  high-prenure 
cylinder  to  escape  into  the  chimney. 

The  I'nited  States  patent  of  Wm.  S.  Hudson,  dated  March  11,  1873, 
claims  : 

(1)  A  superheating  veMel,  located  in  the  «mokc-l>ox 

(2)  The  arrangement  of  the  smoki*-!  '  'Sler  wiih  cMinoctiuni 
to  the  two  Hteam  cylinders,  such,  that  from  t)—  l..n.  r   *)  ^ll 
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filter  one  cylinder  and  be  exhausted  therefrom  into  the  other  cyUnder 
through  the  said  superheater. 

(3)  A  locomotive  having  a  secondary  live  steam  pipe  (provided  With  a 
controlling  valve  which  may  be  operated  from  the  foot  board)  leading  to 
the  second  cylinder  in  combination  with  the  main  steam  pipe  leading  to 
the  other  cylinder  arranged  for  joint  operation,  relatively  to  the  boiler. 

When  the  controlling  valve  in  the  secondary  live  steam  pipe  is  closed, 
boiler  steam  is  admitted  only  to  the  small  cylinder. 

The  exhaust  from  the  small  cylinder  is  only  through  the  superheater 
into  the  steam  chest  of  the  larger  cylinder. 

This  invention  provides  for  no  independent  exhaust  pipe  to  the  atmos- 
phere from  the  small  cylinder.  It  exhausts  only  into  the  steam  chest 
of  the  larger  cylinder,  so  that  if  this  cylinder  were  disabled,  there  would 
be  no  means  of  exhausting  from  the  small  cylinder,  except  through  the 
larger  by  removing  its  slide  valve. 

If  live  steam  be  permitted  to  flow  without  control  into  the  steam  chest 
of  the  larger  cylinder  through  the  secondary  live  steam  pipe,  according  to 
the  third  claim  of  this  invention,  this  steam  chest  being  in  free  communi- 
cation with  the  exhaust  pipe  of  the  smaller  cylinder,  there  will  result  a 
back  pressure  in  the  smaller  cylinder  by  reason  of  boiler  steam  filling  its 
exhaust  pipe. 

'The  consequence  of  this  will  be  the  larger  cylinder  will  do  more  work 
than  intended,  and  the  small  cylinder  will  do  little  or  no  work  at  all. 

There  is  no  hint  or  suggestion  of  a  means  whereby  the  engineer  may 
know  definitely  the  quantity  or  the  effect  of  the  steam  he  has  admitted  to 
the  larger  cylinder,  and  no  automatic  devices  for  properly  taking  care 
of  it. 

The  English  patent  of  John  N.  Coxon,  June  24,  1874,  shows  cylin- 
ders and  valves  only.  It  admits  steam  to  low-pressure  cylinder  directly 
from  boiler.  E.xhausts  from  high-pressure  cylinder  directly  to  atmosphere. 
He  claims  a  hollow  valve  to  permit  exhaust  from  high-pressure  cylinder 
directly  through  the  same  to  the  steam  chest  of  the  low-pressure  cylinder, 
same  a«  was  done  by  Samuels  in  1850.  No  equalizing  of  pressure  on  the 
two  pi.stons  is  mentioned. 

The  French  patent  of  A.  M.  Mallet,  October  10, 1874,  shows  a  compound 
hxiomotive  with  two  tandem  cylinders,  placed  in  centre  of  locomotive 
under  the  smoke  box. 

It  IS  provided  with  a  slide  valve,  whose  chest  is  outside  of  the  smoke- 
box,  with  stem  extended  to  the  cab  under  control  of  the  engineer. 

This  elide  valve,  m  one  position,  will  permit  boiler  steam  to  enter  the 
low-pressure  cylinder,  when  the  exhaust  from  the  high-pressure  cylinder 
u  escaping  to  the  atmosphere,  while  at  the  same  time  boiler  steam  is 
enlenng  the  high-pressure  cylinder  as  usual  when  the  throttle  is  open. 

In  th^  other  possition  no  boiler  steam  can  enter  the  low-pressure  cylinder, 
butthe  high-pressure  exhaust  is  closod  to  the  smoke-box,  and  is  directed 
to  the  low-prewsure  cylinder,  while  this  cylinder  exhausts  directly  into  the 
atmosphere. 
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A  small  spring  loaded  valve  is  attached  to  tlje  steam  way  to  the  low- 
pressure  cylinder  (in  sight  of  the  engineer),  so  that  when  it  blows  off  he 
can  regulate  the  admission  of  boiler  steam  to  the  low-pressure  steam  chest. 
This  valve  is  loaded  to  a  pressure  of  equal  to  four-tenths  or  five-tenths  the 
normal  boiler  pressure. 

The  English  patent  of  Henry  P.  Holt,  November  0,  1876,  uses  an  auto- 
matic intercepting  valve  between  low-pressure  steam  chest  and  the  receiver. 
No  mention  is  made  of  reducing  valve  to  equalize  the  total  pressures  in  the 
two  cylinders. 

The  French  patent  of  Alexander  Arson,  of  Paris,  May  13, 1878,  is  a  two- 
cylinder  compound  engine,  having  a  slide  valve,  worked  by  an  eccentric 
which  is  operated  by  hand  for  regulating  the  How  of  live  steam  into  the 
steam  chest  of  the  low-pressure  cylinder  for  starting. 

The  English  patent  of  Thomas  Robertson,  January  1,1881,  is  for  a  two- 
cylinder  compound  provided  with  means  of  injecting  a  jet  of  boiler  steam 
into  the  low-pressure  cylinder.     No  mention  of  steam  reducing  valve. 

The  United  States  patent  of  Henry  D.  Dunbar  (a  four-cylinder  tandem 
compound  locomotive),  dated  April  24,  1883,  is  provided  with  an  inde- 
pendent D  slide  valve  (on  three  ports)  moved  by  the  engineer  in  the  cab, 
to  admit  boiler  steam  to  the  low-pressure  cylinder,  and  permit  the  high- 
pressure  cylinder  to  exhaust  into  the  atmosphere  at  the  same  time.  This 
was  done  precisely  in  the  same  manner  by  Mr.  Baxter  in  1870.  No 
mention  is  made  of  an  e<iualizing  pressure  valve  for  the  low-preesure 
cylinder. 

The  English  patent  of  Edwin  Foden  for  a  compound  traction  engine, 
July  23, 1885,  claims  : 

"  In  compound  engines,  having  either  one  or  more  high-pres*8ure 
steam  cylinders  in  combination  with  one  or  more  low-prexsure  steam 
cylinders,  the  use  of  a  three-way  cock,  or  its  equivalent,  for  the  purpose 
of  temporarily  suspending  the  compound  action  of  the  high-pressure 
steam  cylinder  and  the  low-pressure  cylinder,  s<^  as  to  cause  each  cylinder 
to  receive  it«  steam  direct  from  the  boiler,  and  to  exhaust  '\\a  own  steam 
direct  into  the  atmosphere,  or  indepemlently,  so  that  the  low-pressure 
cylinder,  does  not  then  take  the  exhaust  steam  from  the  high-pressure 
steam  cylinder,  but  becomes  for  the  time  being  an  additional  high- 
f)re«8ure  steam  cylinder." 

Mr.  Fotlen's  drawings  do  not  show  a  reducing  or  relief  valve,  nor  do€« 
he  lay  claim  to  such  a  device  ;  but  he  prefers  to  provide  the  steam  box  of 
the  low-pressure  cylinder  with  one  to  retluce  the  pressure  within. 

The  English  patent  of  Richard  C.  Parsons,  August  3,  lNs<'»,  provides  a 
valve  which  opens  the  high-pressure  exhaust  to  the  atmosphere.  This 
valve  is  normally  held  close  by  a  spring,  but  is  openeti  by  ••leatn  upon  a 
piston  connected  with  the  valve,  which  pistoti  is  coulrolle*l  by  the  engineer 
by  means  of  a  pipe  and  a  cock. 

Another  drawing  shows  a  second  valve  which  admits  lire  steam  to  the 
low-pressure  cylinder  and  at  the  same  t  "nj*  high  prt«a«ure  exhaust 

to  the  air.     There  is  no  mention  of  an  e., :ig  prejwure  \  i!\i 
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The  English  patent  of  Wm.  Hornsby  and  Fred.  J.  Cribb,  November  25, 
ISSC,  exhibits  a  slide  valve,  operated  both  ways  only  by  the  engineer  from 
the  cab,  for  admitting  live  steam  to  both  high-pressure  and  low-pressure 
cylinders  and  opening  the  exhaust  of  the  high-pressure  cylinder  to  the 
atmosphere  when  starting. 

The  United  States  patent  of  Thomas  W.  Worsdell,  dated  April  5,  1887, 
following  his  English  and  French  patents,  says:  "One  of  the  cylinders 
takes  steam  direct  from  the  boiler.  When  this  steam  is  exhausted  it 
passes  through  a  superheating  pipe  to  the  low-pressure  cylinder.  After 
performing  its  function  therein,  the  steam  from  the  low-pressure  cylinder  is 
exhausted  direct  up  the  chimney." 

"To  render  the  engine  efficient  in  starting,  a  starting  valve  is  provided 
by  which  steam  can  be  conveyed  direct  from  the  boiler  to  thelow-pressure 
cylinder,  and  in  order  to  prevent  such  steam  filling  the  exhaust  steam 
pipe  of  the  high-pressure  cylinder,  and  consequently  the  high-pressure 
cylinder  itself  there  is  provided  a  valve  that  I  call  the  'intercepting  valve.' 
When  closed  this  intercepting-valve  will  prevent  the  live  steam  getting 
back  to  the  high-pressure  piston.  A  flap-valve  is  preferred  as  it  can  be 
closed  at  will,  and  will  always  be  thrown  open  by  the  steam  itself  when 
exhausting  commences  from  the  high-pressure  cylinder.  The  starting- 
valve  may  be  arranged  to  be  opened  by  hand  against  a  spring,  so  as  when 
liberated  to  be  closed  in  an  automatic  manner.  The  low-pressure  cylinder 
is  fitted  with  a  relief  valve  at  each  end,  to  prevent  the  cylinder  being 
charged  at  too  high  a  pressure  when  steam  is  admitted  direct  from  the 
boiler  through  the  starting-valve." 

No  means  are  provided  for  running  this  engine  continuously  as  a  simple 
one,  and  no  device  shown  or  described  for  proportionally  reducing  the  live 
steam  pressure  in  the  low-pressure  cylinder. 

The  United  States  patent  of  August  Von  Borries,  dated  April  19,  1887, 
after  seven  foreign  patents  for  the  same  invention,  has  for  its  object  the 
construction  of  a  two-cylinder  compound  locomotive,  such  that  the  con- 
nection between  the  cylinders  can  be  cut  off  and  both  be  worked  at  high- 
pressure  when  desired.  An  automatic  valve  is  used  for  intercepting  the 
high-pressure  cylinder  exhaust  pipe  and  in  the  same  movement  of  this 
valve,  when  it  closes,  a  small  live  steam  opening  is  made  into  the  low- 
pressure  cylinder  steam  chest.  The  moment  this  valve  opens,  by  accu- 
mulated pressure  in  the  high-pressure  cylinder  exhaust  pipe,  the  live 
steam  openings  are  closed  and  the  engine  goes  at  once  into  compound 
working. 

There  is  no  provision  for  continued  simple  running  and  no  means  for 
equalizing  steam-pressure  upon  the  two  pistons. 

The  English  patentof  Halpin  and  Timmins,  July  14, 1888,  claims  :  "  In  a 
two-cylinder  compound  locomotive;  a  starting  valve,  consisting  of  a  double 
«eat  valve  loaded  directly  by  a  coil  spring  and  allowing  (on  the  engine 
being  started),  high-pressure  steam  from  the  boiler  to  pass  directly  into 
the  low-pres.«*ure  cylinder,  until  the  back-pressure  of  the  steam  in  the 
receiver  and  that  of  the  spring,  which  act  on  the  top  area  of  the  valve, 
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exceed  the  pressure  of  the  boiler  ateuin,  acting  on  the  lesser  area  of  the 
underside  of  the  valve,  in  consequence  uf  which  the  said  valve  drops  back 
on  its  seat  and  then  the  engine  works  compound." 

In  Robert  Lindner's  United  States  patent,  May  28,  188^,  the  remark  is 
made,  tliat:  "It  is  necessary,  in  locomotives  in  starting  the  engine  that 
steam  of  a  reduced  pressure  direct  from  the  boiler  be  admitted  to  the  low- 
pressure  cylinder,  in  order  that  the  low-pressure  cylinder  should  start  the 
engine." 

To  accomplish  this  result,  he  provides  a  cock  in  a  small  branch  pipe 
for  admitting  boiler  steam  to  the  high-pressure  cylinder  exhaust  pipe, 
connecting  the  lever  of  this  cock  to  the  reverse  lever  and  constructing  the 
cock  so  that  it  shall  admit  steam  only  at  the  extremes  of  it«  stroke.  He 
also  forms  small  vent  holes  on  the  inner  lips  of  the  lugh-pressure  cylinder 
elide  valve,  which  in  tlie  middle  of  iis  travel,  relieves  the  high-jjressure 
piston  from  unequal  strain,  by  opening  both  ends  of  the  cylinder  to  the 
exhaust  pipe  for  a  moment,  while  the  valve  is  passing.  No  device  is  men- 
tioned for  equalizing  the  steam  pressure  in  both  cylinders  other  than  by 
wiredrawing  it  into  the  low-pressure  cylinder. 

The  United  States  patent  of  J.  Lewis,  dated  June  11,  1880,  consists  of 
four  parallel  cylinders,  under  the  smoke-box,  the  steam  to  all  of  them  is 
controlled  by  one  rotating  elastic  valve,  centrally  located.  One  high-pres- 
sure and  low-pressure  cylinder  on  each  side  of  locomotive  is  connected  to 
one  cross-head,  with  one  connecting-rod  to  the  crank. 

One  valve,  controlled  by  engineer,  for  admitting  boiler  steam  to  boih 
low-pressure  cylinders  at  starting. 

No  mention  is  made  of  independent  exhaust  for  the  high-pressure 
cylinders  at  starting,  and  no  allusion  to,  nor  provisions  for,  equalizing  the 
I)ressure  of  steam  upon  the  pistons,  when  live  steam  is  used  in  low-pres- 
sure cylinders. 

The  elastic  valve  will  permit  unequal  compressions  in  the  cylinders  to 
escape. 

The  power  of  the  high-pressure  cylinder  is  necessarily  weakened  when 
live  steam  is  admitted  to  the  low-pressure  steam  cheat. 

The  United  States  patent  of  Richard  H.  Lapage,  dated  .luly  8,  1890,  fol- 
lowitig  his  English  patent  is  for  a  three-cylinder  compound  h)conjolivc,  in 
which,  however,  the  fifo  low-pressure  cylinders  act  as  one,  being  connected 
to  one  cross-head  and  receiving  the  exhaust  steam  in  the  u«»uftl  w»y  from 
the  one  high-pressure  cylinder. 

The  only  object  of  dupli<iiling  the  low-pressun        "      '      >    ' 

cation  says,  to  avoid   tl»e  datiger  of  "  fouling   the  ^  )4:iu^«  ,    a    

platforms,  tunnels,  and  the  like."  "  Ry  this  means  the  uj«»  of  a  larjfe  over- 
hanging low-pressure  cylinder  is  obviated."  About  this,  we  have  proven, 
there  is  no  real  concern,  aa  there  is  room,  by  proper  designing,  for  any 
required  single  low-pressure  cylinder. 

In  this  engine  there  is  no  independent  exhaujil  way  to  Uie  atmosphere 
for  the  high-pressure  cylinder;  no  means  of  conlinuoua  single  •  k' 

and  no  suggestion  even  of  devices  for  e<|UHliiing  the  Bteani  pr»M*w,v-  .it 
the  high-  and  low-pressure  cvlinders. 
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The  United  States  patent  of  Albert  J.  Pitkin,  dated  April  14,  1891,. 
covers  an  intercepting  valve  operated  by  "  live  steam  to  close  it  and  shut 
by  pressure  of  the  steam  in  the  low-pressure  cylinder." 

9th  claim :  "  A  valve  controlling  the  admission  of  live  steam  to  the 
low-pressure  cylinder  and  automatic  mechanism  for  positively  opening 
said  valve ;"  that  is,  it  is  actuated  by  the  intercepting  valve. 

No  mention  is  made  of,  nor  drawings  show,  an  automatic  pressure- 
equalizing  valve. 

The  United  States  patent  of  Francis  W.  Dean,  September  22,  1891,. 
covers  an  automatic  intercepting  valve  working  vertically. 

"  The  construction  insures  the  opening  of  the  converting  valve  before 
the  pressure  of  exhaust  steam  in  the  high-pressure  exhaust  passage  accu- 
mulates above  the  receiver-pressure  and  thus  relieves  the  high-pressure 
piston  of  the  early  back-pressure." 

'•  The  intercepting  valve  opens  in  adv^ance  of  an  accumulated  back- 
pressure on  the  high-pressure  cylinder  to  any  desired  degree." 

No  mention  is  made  or  drawing  to  show  an  automatic  pressure  reduc- 
ing valve  for  low-pressure  cylinder. 

This  patent  proposes  to  admit  live  steam  to  the  low-pressure  cylinder 
at  the  same  time  live  steam  is  admitted  to  the  high-pressure  cylinder  to 
facilitate  starting.  This  is  done  through  the  intervention  of  an  intercept- 
ing valve  and  a  converting  valve,  both  of  which  are  vertically  opened  and 
shut. 

When  boiler  steam  is  admitted  to  the  receiver  by  which  to  run  the 
low-pressure  cylinder  as  a  simple  engine,  the  intercepting  valve  closes,  so 
as  to  prevent  this  steam  from  filling  the  exhaust  pipe  of  the  high-pressure 
cylinder  which  would  reduce  or  destroy  its  power. 

There  is  no  separate  exhaust  pipe  to  the  atmosphere  shown  or 
described,  for  the  high-pressure  cylinder. 

There  is  not  a  word  said  about  the  necessity  of,  nor  a  contrivance  for 
equalizing  the  total  pressures  of  steam  upon  the  two  pistons,  when  both 
are  working  as  simple  engines. 

(  C )  NOTES,  DATA  AND  REFERENCES  BEARING  UPON  AND  RELATING  TO  THE   USE 
OF  STEAM  IN  COMPOUND  LOCOMOTIVES  AND  OTHER  STEAM  ENGINES. 

In  the  preparation  of  this  report,  your  committee  has  extended  its 
searches  and  has  presented  a  wider  range  of  subjects  than  is  usual  in  such 
cases. 

Thi.s  procedure  is  desirable  in  view  of  the  increasing  interest  taken  in 
the  compound  system  of  locomotive  construction. 

The  advisability  of  detailing  the  means  which  have  been  employed  to 
a^iapt  the  two-cylinder  compound  steam  engine  to  the  popular  two-cylin- 
der type  of  locomotive,  has  been  considered  to  be  right  and  proper  in  this 
connection  since  this  type  out-numbers  all  others. 

Experience  with  locomotives,  everywhere,  has  shown  the  advantages  of 
simplicity  of  construction  in  all  the  working  parts;  this  committee,  there- 
fore, has  dwelt  at  considerable  length  upon  such  details  and  methods,  as 
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have  contributed  to  economy,  without  increaaing  the  number  of  parts 
used  for  tran«Jiiiittinir  the  j>ower  of  the  steam  to  the  driving  wheels. 

The  volume  of  railroad  service  having  grown  to  such  unprecedented 
magnitude,  we  feel  that  whoever  contributes  to  it,  or  reduces  the  cost 
of  its  maintenance,  confers  a  lasting  benefit  upon  mankind. 

There  is  no  claim  made  by  Mr.  B.itchellorfor  a  two-cylinder  compound 
locomotive  by  itself  considered. 

It  is  well  known  that  the  first  two-cylinder  compound  engine  was 
invented  and  built  in  England  by  Jonathan  Hornblower,  in  the  year  1776, 
and  was  patented  by  him  in  17S1,  as  stated  above. 

It  is  also  on  record  that  one  John  Nicholson,  an  English  "engine 
driver,"  devised  and  run  a  two-cylinder  compound  locomotive  on  an 
English  railway  in  the  year  1850,  since  which  time  numerous  patents  have 
been  granted  for  two-oylinderc(>nipf)und  engines  adapted  to  stationary  and 
locomotive  use,  and  with  attachments  for  various  purposes.  These  attach- 
ments differ  according  to  the  conception  of  their  inventors,  and  the  service 
to  be  rendered  by  their  inventions. 

The  question  of  the  objectionable  width  of  two-cylinder  compMDunds,  due 
to  the  increased  diameter  of  low-pressure  cylinder  is  answered  by  the  fact 
that  numerous  engines  of  this  type  are  now  running  in  this  country  and 
abroad.  Builders  of  engines  are  now  making  two-cylinder  compounds, 
even  of  the  heaviest  type,  and  ollicers  of  several  of  our  roads  who  are 
responsible  for  their  performance  are  having  them  made. 

As  to  clearance  width  of  loco^iotive,  from  the  Locomotive  Engineer,  for 
November,  1891,  p.  20<j,  we  take  tire  following  : 

"The  question  of  the  application  of  the  two-cylinder  compound  loco- 
motive, such  as  used  in  heavy  service  for  both  passenger  and  freight 
trathc,  is  answered  by  the  Schenectady  Locomotive  Works'  ;  '  who 
have  already  built  a  number  oi  the  two-cylinder  type,  and  Im  i;netl 

a  heavy  compound  consolidation  engine  of  equal  capacity  to  the  22  x  28 
inch  cylinders  on  the  Union  Pacific,  which  are  believed  to  be  the  largest 
and  most  powerful  locomotives  at  work  in  regular  road  service  at  the 
present  day. 

"The  low-pressure  cylinder  is  thirty-lwo-inch  diameter, yet  the  extreme 
distance  outside  of  cylinder  does  not  exceed  that  of  other  two-cylinder 
compounds  now  running. 

"The  design  demonstrates  the  fact  that  the  j>opular  two-cylinder  lyp« 
of  compounding  can  be  applied  to  the  heaviest  locomotive  in  road  service 
at  the  present  time." 

We  have  f(jund  on  inquiry,  that  every  »ui>erintendenl  of  motive- 
power,  or  master  mechanic  in  this  country,  who  recently  has  built  a  com- 
pound engine,  or  rebuilt  a  simple  engine  by  changing  to  compound,  has 
in  every  case  used  the  tW'        '      i      .    .  ,. 

So  for  example,  Mr.    >  old  Colony,  and  Mr.  Mitchell,  of 

the  Lehigh  Valley,  each  is  building  a  Dean.  Mr.  Stevens,  of  the  Lake 
Shore,  has  had  the  Brooks  Locomotive  Work«»  to  build  a  \  ' mler 

engine;  the  C.  B.  k  *^  has  built  one,  and  are  now  building  i..     ;....ic  i>f 
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this  two-cylinder  type.    In  addition  to  these  the  Southern  Pacific  and  the 
Atchison,  Topeka  and  Santa  Fe  have  done  the  same. 

If  there  was  any  serious  objection  to  this  type  of  engine,  due  to  its 
greater  breadth,  it  is  fair  to  beUeve  these  men  would  not  order  them 
built. 

Tlie  Rhode  Island  Locomotive  Works  say  :  "  In  regard  to  the  clear- 
ance width  of  the  two-cylinder  type  of  compounds  there  is  no  trouble 
whatever  in  going  as  high  as  a  thirty-one  inch  diameter  for  the  low-pres- 
sure cylinder,  which  is  equal  to  about  two  and  one-half  times  the  area  of 
the  twenty-inch  high-pressure  cylinder.  This  proportion  we  consider  is 
near  right  as  it  is  possible  to  get,  and  we  think  that  by  taking  a  little  pains 
in  the  designing,  we  could  get  even  a  larger  cylinder  than  thirty-one  inches, 
but  have  had  no  reason  to  look  into  the  matter  any  further  than  this,  as 
the  twenty-inch  cylinder  for  the  high  pressure  is  as  large  as  anything  that 
we  liave  built  on  our  largest  consolidation  engines,  so  that  we  do  not  think 
there  is  any  ground  for  complaint  on  this  score." 

A  contributor  to  the  Railroad  Gazette,  for  August  21, 1891,  p.  575,  says 
of  two-cylinder  compounds,  in  answer  to  the  main  objection,  that  "the 
cylinder  ratio  could  not  be  made  large  enough,  and  room  still  be  found  for 
the  cylinders  within  the  permissible  width  of  the  locomotive."  He  not 
only  proposes  to  offset  the  centre  of  the  low-pressure  cylinder  to  a  point 
within  the  centre  of  its  application  on  the  crank  pin,  which,  however,  is 
proven  unnecessary  by  references  to  replies  given  herein,  but  further  asks, 
why  not  increase  the  diameter  of  the  high-pressure  cylinder  and  expand 
the  steam  more  in  that  which  would  also  help  the  engine  in  starting?" 

"  It  is  being  generally  conceded  that  the  difficulty  with  the  two-cylinder 
engine  (he  refers  to  certain  existing  types)  is  that  after  the  first  exhaust  of 
the  high-pressure  cylinder,  when  it  should  be  exerting  a  comparatively 
high-pressure  on  the  crank  pin,  it  is  not  doing  so,  because  of  the  back 
pressure  in  the  receiver,  and  when  working  compound  the  two-cylinder 
locomotive  has  not  as  much  average  total  pressure  on  the  piston  as  the 
simple  engine  which  it  was  built  to  replace." 

"This  has  resulted  from  following  an  empirical  rule;  that  is,  to  make 
the  high-pressure  cylinder  one  inch  larger  in  diameter  than  the  cylinder  of 
the  simple  engine  of  equal  power;  this  is  wrong." 

"  The  two  cylinder  is  really  the  simplest  and  most  desirable  type  of  com- 
pound locomotive." 

Mr.  Thomas  Urquhart,  Proc.  Inst.  M.  E.,  London,  1890,  p.  60,  says  :  "The 
results  of  the  author's  experience  are  such  as  to  leave  no  doubt  in  his  own 
mind  that  compound  locomotives  are  the  engines  of  the  future  in  all 
countries.  "What  is  really  wanted,  is  to  mature  a  thoroughly  efficient  two- 
cylinder  compound  with  moving  parts  as  light  as  possible,  and  well  balanced:' 

It  is  not  worth  while  to  consider  the  objection  to  weakened  draft  in  the 
chimney  by  reason  of  diminished  exhaust  pressure  and  reduced  number  of 
exhaust*,  because  all  the  compounds  are  running  satisfactorily,  with  good 
ateaming  qualities. 

In  Mr.  W.  Fletcher's  work  on  Steam  Locomotion  on  Common  Roads, 


35 

London,  1891,  we  find  the  following  in  reference  to  the  Messrs.  Fowler's 
recent  type  of  compound  road  locomotive  :  "  By  the  use  of  a  low-pre8j<ure 
cylinder  working  in  conjunction  with  a  high-pressure  cylinder,  the  greatest 
possible  amount  of  expansion  is  obtained,  and  almost  all  the  power  in  the 
steam  is  usetl  before  it  is  discharged  into  the  atmosphere,  the  pressure  of 
the  exhaust  steam  being  only  eii;ht  pounds,  which  is  just  sutficient  to 
create  a  draught  necessary  for  the  combustion  of  the  fuel. 

"These  engines  will  do  the  same  amount  of  work  with  thirty  per  cent. 
less  fuel  and  water  than  the  ordinary  engines  in  everyday  use.  In  con- 
sequence of  the  steam  passing  from  these  engines  into  the  atmosphere  at 
the  low-pressure  of  eight  pounds,  the  noise  caused  by  the  exhaust  and  all 
dangers  from  sparks  are  avoided."  The  road  locomotives  of  other  builders 
in  England  have  performed  equally  us  well. 

We  have  all  been  taught  by  long  existing  practice  to  believe  that  a 
locomotive  boiler  will  not  make  steam  enough  for  the  needs  of  the  engine, 
without  blowing  all  the  exhaust  steam  from  both  cylinders  at  high-pressure 
tension  into  the  stack,  and  that  any  reduction  of  its  strength  would  mate- 
rially les.sen  the  generation  of  steam.  See  Sanuiol's  continuous  expansiitn 
engine  for  proof  of  the  existence  of  this  belief  prior  to  the  year  1852, 
where  part  of  the  high-pressure  exhaust  steam  and  all  from  the  low- 
pressure  cylinder  went  for  blast. 

From  Mr.  J.  Samuel's  supplementary  paper  on  his  continuous  expansion 
steam  engine,  we  (juote  : 

"  As  far  as  they  went,  however,  tliey  shtiwed  that  the  blast  could  be 
reduced  without  impairing  the  etliciency  of  the  engine.  In  a  gocxU 
engine  of  the  largest  size,  on  the  Eastern  counties,  the  valves  were  altered, 
but  the  cylinders  were  retained  both  of  the  same  size,  and  the  result  was 
a  saving  of  twelve  |)Ounds  of  coke  per  mile.  In  a  p:ussenger  engine,  the 
low-pressure  cylinder  wjis  made  double  the  area  of  the  high-pressure  one, 
and  it  was  never  found  short  of  steam,  though  running  with  express  trains 
of  considerable  weight  for  a  month's  regular  work." 

In  M.  Mallet's  two-cylinder  fompounds,  three  of  which  were  in  service 
prior  to  May,  1878,  employed  on  local  trallic  and  at  times  running  twenty- 
five  miles  per  hour.  *'  The  draught  was  ample,  so  that  the  boilers  in  spite 
of  small  dimensions  supplied  the  wants  of  the  engine  abundantly.' 

From  the  above  statements,  it  would  appear  useless  to  consider  this 
objection,  because  all  the  engines  fitted  with   low-preasure  blast  are  now 
running  satisfactorily  in  this  particular,  and  we  may  safely  add  the  remark 
here  that,  a.s  the  Rhode  Island  compound  can  In*  run  ju*  a 
at  any  time  and  for  any  length  of  time  as  a  simple  engim .  i 

blast  etliciency,  due  to  simple  running,  there  need  not  be  any  lack  of  rapid 
steam  generation  for  want  of  knt)wn  means  for  doing  it 

Furthermore,  there  is  less  steam  to  \ye  made  if  c-  rr^ 

some  of  it,  and  in  any  case,  all  thai  is  made  goes  through  (  .^      k 

To  answer  the  <piestion  as  to  the  value  of  superhealing  the  exhaust 
steam  on  its  way  to  the  low-pressure  cylinder  as  ;  ' 

ence  is  made  to  the  results  of  experiments,  c«.i.w..w...  .  .  ....        ;.  ..  ^^. 
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R.  R.  Co.,  who  concluded  that  the  cost  of  maintenance  was  more  than 
the  advantages  gained. 

This  has  nothing  to  do,  however,  with  extending  the  pipes  through  the 
smoke-box,  which  is  the  most  direct  course,  has  many  constructive  advan- 
taires  and  keeps  them  in  a  closed  chamber  heated  to  from  400°  to  1,000°  of 
temperature,  which  is,  perhaps,  the  cheapest  method  of  clothing  them. 

Mr.  T.  Moy  (in  London  Mech.  Mag.,  for  August,  1863),  proposes  to 
increase  the  ethciency  of  the  heating  surface  of  steam  boilers,  "  by  increas- 
ing the  surface  in  contact  with  the  water,  without  a  further  increase  of  the 
absorbent  surface."  He  further  says  :  "  It  is  pretty  generally  known  that 
flanges  cast  on  air-warming  apparatus,  greatly  increased  the  effect  of  such 
apparatus,  the  cause  being  that  a  greater  surface  of  heated  metal  is  in  con- 
tact with  the  air."  His  plan  is  to  form  flanges  on  the  outsides  of  the 
tubes.  Whether  this  will  be  as  eff'ective  when  the  heat  is  required  to  pass 
in  a  reverse  direction,  remains  to  be  proven. 

Mr.  W.  F.  Dixon,  of  Paterson,  N.  J.,  in  vol.  xi,  of  Trans.  Amer.  Mech., 
p.  870,  on  the  "Efficiency  of  Locomotives,"  says  :  ''  The  C.  B.  &  Q.  R.  R. 
Co.  between  1870  and  1874,  went  fully  into  the  subject  of  superheating. 
In  these  experiments  the  front  tube  sheet  of  the  engine  was  set  back  into 
the  barrel  of  the  boiler  some  distance  from  its  normal  position.  In  the 
space  thus  left  was  fitted  a  separate  cylinder,  filled  with  tubes,  through 
which  the  products  of  combustion  had  to  pass  on  their  way  to  the  atmos- 
phere. The  dry  pipe  entering  this  cylinder  at  the  top,  and  the  steam,  after 
circulating  among  the  tubes  and  becoming  superheated  in  doing  so,  passed 
to  the  cylinders  of  the  engine  through  pipes  connected  to  the  bottom  of 
the  superheater. 

"  The  resulting  economy  was,  however,  more  than  offset  by  the  expense 
of  keeping  up." 

The  most  conclusive  test  of  the  compound  locomotive  is  that  which 
is  made  in  road  service  by  the  rank  and  file  of  engine  men,  extending  over 
considerable  mileage,  under  the  usual  varied  conditions  of  present  practice 
and  with  conditions  precisely  alike. 

Your  committee  is  satisfied  that  this  method  of  experiment  and  com- 
pari.<ion  lias  been  fairly  carried  out  in  the  cases  before  us. 

This  committee  decided  that  we  should  make  personal  inspection  of 
tho.«e  locomotives ;  we  take  pleasure  in  repeating  here  the  report  upon 
their  performance  by  one  of  its  members  : 

"  I  was  in  New  York  on  the  15th  of  March,  1892,  and  went  over  to 
Brooklyn  to  see  the  two-cylinder  compound  locomotive  running  on  the 
Kingfl  County  Elevated  Railroad.  This  engine  was  built  by  the  Rhode 
Island  Locomotive  Works,  and  has  been  running  several  months.  Went 
to  the  General  Manager's  office  where  was  shown  the  performance  sheets 
of  their  engines,  and  when  the  engine  came  along  we  got  on  and  rode  to 
the  Ferry  and  then  back  to  the  terminus  of  the  road  (nearly  eight  miles) 
a^  '  •'  hack  again  to  the  Ferry  and  then  again  up  the  steep  grade  (which 
»•-  •    •  per  mile),  where  it  acted  as  a  helper  for  another  engine. 

"  During  this  whole  time  the  engine  performed  its  duty  to  the  entire 
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satisfaction  of  everyone,  showing  no  more  trouble  to  operate  than  a  simple 
engine. 

"  It  rides  well,  and  were  it  not  for  the  absence  of  noisf,  sparks  and  dusi,  one 
would  not  know  that  he  was  on  a  compound  engine.  It  is  using  a  nozzle 
four  inches  in  diameter  and  steams  freely  with  thedoor  partly  open,  nearly 
all  of  the  time. 

"  There  was  not  a  single  moment  during  all  of  my  ride  where  any  of  the 
arrangements  that  are  used  to  change  from  simple  to  compound  showed 
any  desire  to  give  trouble,  but  on  the  contrary,  they  all  responded 
promptly.     The  trip  \\i\s  a  very  pleiii^ant  and  satisfactory  one.'' 

In  estimating  the  economy  of  various  types  of  compounds  employed 
on  different  roads,  care  must  be  taken  to  note  all  the  conditions  of  running, 
which  may  greatly  affect  the  comparative  result. 

Engines  built  and  used  for  yard  work  and  suburban  traffic  which  are 
well  nigh  all  stops  and  starts,  with  very  short  spaces  for  compounding, 
must  not  be  paralleled  with  express  engines  on  long  runs,  with  a  clean 
sweep  the  whole  distance  for  compound  running. 

We  must  beware  of  incongruous  comparisons. 

Mr.  Angus  Sinclair  (Sec.  Am.  Rwy.  Master  Mochanics  Assoc'n)  says,  in 
the  Trans.Soc.A.S.  M.  K.,'m  article  on  the  "  Efficiency  of  Locomotives,"  by 
W.  F.  Dixon,  1890,  "  few  engineers  would  allow  themselves  to  be  inlluenced 
by  results  which  are  not  obtained  in  road  service." 

Your  committee  has  considered  the  figures  of  coal  saving  from  various 

authorities. 

PrrOmt. 

The  first  compound  locomotive  run  in  the  yeor  1S.V)  and  ."^umuel*  continuous 

e.\i>an8ion  eI)^lne  of  1^.V2.  saved  in  coke 20 

Fowler's  traction  engines.  English,  saved.  .  3"! 

Fodens  *'  "  "  "       .  .  i^llO 

Burreir "  '•....  *> 

Worthington's  non-conclensing  stenm  pump 30 

Worsdell's  comp>ound  loooiuotive  on   Knt?Ii«h  Railroa<l  l'»to2J) 

Mr.  Urquhart  made  various  numerous  experiments  with  petroleum 
fuel  on  five  compound  locomotives  and  an  e«|ual  number  of  non-compounds 
during  five  summer  months,  which  showed  a  saving  in  favor  of  the 
compounds  of  from  18*22  to  \S'\H\  per  cent,  of  such  fuel.  Ho  also  gained 
an  economy  of  repairs  on  the  pjissenger  locoinotiva^*.  equal  to  4y*2  per 
cent.,  and  28'8  per  cent,  on  goods  locomotive?* 

In  reference  to  the  valves  used  for  reducing  the  pressure  of  steam  when 
directly  employt'd  in  the  low-pressure  cylinders,  which  arr  necejwa-y  to 
prevent  overpressure  in  the  same,  and  equalize  the  steam  ji»  lioii  in  b<Hh 
cylinders,  your  committee  ha**  not  found  any  other  in  use  that  fulfils  thb 
important  recjuirement  to  any  noteworthy  <h»gree,  like  tli  "  lo 

the  compound  locomotives  built  by  the  KIhmIc  Nland  Lo*  •^•* 

Many  of  the  earlier  ami  later  methotU  of  preventing  an  . 
steam  pressure  in  the  low-preiwure  cylinder  are  by  wire-drawing  the  ttoaui 
through  small  pipes  atid  drill«'<l  holes,  a'      "  .     .  '        '    '    -    !  '      'he 

engineer  (jr  by  ault)matic  action  of  01..1..  t ^    ihe 
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exhaust  ways.  Some  prevent  over-pressure  by  spring-loaded  snifting, 
safety  relief  valves  or  slide-valves.  Wasting  the  steam  in  the  atmosphere 
within  sight  of  the  engineer,  who  will  know  by  this  escape  that  the  cylin- 
der has  overmuch  of  steam,  and  can  act  accordingly. 

Whatever  kind  is  used,  and  the  presence  and  absence  of  them  will  be 
noticed  in  the  detail  of  the  several  devices  and  patents  quoted. 

Your  committee  does  not  believe  that  the  mere  suggestion  of  and  use 
of  a  pipe  with  a  connected  cock  or  valve  for  admitting  steam  to  anywhere, 
merits  notice  of  novelty  at  our  hands,  nor  does  a  spring  loaded  safety  or 
relief  valve  for  giving  notice  of  over-pressure  or  danger  claims  special 
attention  in  an  inquiry  of  this  nature. 

Your  committee  is  fully  persuaded  that  in  the  design  and  construction 
of  a  compound  locomotive  they  should  be  made  as  simple  as  possible. 

With  the  adoption  of  two  cylinders  the  number  of  working  parts  will 
be  reduced  to  a  minimum ;  the  steam  ways  and  everything  else  appertain- 
ing to  the  employment  of  the  steam  in  the  machine  will  necessarily  be 
the  least  intricate,  and  will  in  turn  reduce  first  cost  and  maintenance. 

Mr.  Alexander  Borodine  states,  in  Proc.  Inst  M.  E.,  London,  1886,  p. 
353 :  "  Considering  that  the  compound  locomotive  with  which  the  experi- 
ments were  carried  out,  involves  scarcely  any  complication  and  that  it 
costs  about  the  same  to  build  as  the  ordinary  engines  and  that  a  decrease 
in  consumption  of  fuel  lessens  the  cost  of  boiler  repairs  and  of  providing 
feed  water,  etc.,  it  may  be  concluded  that  there  is  an  undoubted  advantage 
in  building  locomotives  on  the  compound  system." 

Your  committee  readily  assents  to  this  proposition.  One  of  them,  more 
than  ten  years  ago,  announced  the  fact  that  a  compound  land  engine 
could  be  built  for  same  money  as  the  usual  high -pressure  non-condensing 
engines  then  built;  the  saving  in  boiler  capacity  and  equipment  fully  pays 
for  the  necessary  additions  to  the  engine. 

The  economy  of  short  steam  passages  by  which  "  much  waste  of  steam 
is  avoided,"  and  the  exposure  of  "  less  surface  is  presented  for  atmospheric 
resistance  and  cooling — a  very  important  consideration  at  high  speeds," 
are  points  claimed  by  Mr.  Joseph  Lewis  in  his  United  States  patent  of 
June  11,  1889. 

In  the  English  patent  (1889)  of  J.  T.  A.  Mallet,  mention  is  made  of  his 
preference  for  two  cylinders  "  both  for  simplicity  of  construction  and  to 
avoid  an  excessive  amount  of  cooling  surface." 

On  the  subject  of  the  economy  of  steam  expansion  and  loss  of  power 
by  radiation,  Mr.  Robert  Stephenson  said  "  that  in  the  *  Planet,'  one  of  the 
early  locomotives  made  in  1833,  he  had  the  cylinders  carefully  enclosed 
inside  the  8moke-box  instead  of  being  outside,  and  there  was  found  to  be 
a  considerable  increase  of  power  effected  by  the  plan.  That  was  the  first 
locomotive  constructed  with  heated  cylinders,  and  it  appeared  the  princi- 
ple ought  never  to  have  been  deserted."     {Proc.  Inst.  M.  E.,  1852,  p.  85.) 

Mr.  D.  K.  Clark  found  by  the  indicator  diagrams  "  that  a  great  con- 
densation of  the  steam  took  place  in  exposed  outside  cylinders  during  the 
first  part  of  the  stroke,  from  the  coldness  of  the  cylinders,  and  a  consider- 
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able  amount  of  condensation  also  was  caused  even  in  protected  cylindeni, 
where  they  were  not  artificially  heatetl  by  exposure  to  the  hot  air  in  the 
smoke-box,  because  the  temperature  of  the  mass  of  the  metal  in  the 
cylinder  remained  about  the  mean  temperature  of  the  steam  while 
expanding  in  the  cylinder,  which  might  be  many  degrees  below  the 
original  temperature  of  the  steam  on  entering  from  the  boiler."  {Froc. 
Inst.  M.  E.,  18,52,  p.  87.) 

Mr.  Cowper  "thought  there  would  not  be  f<iund  to  be  any  loss  by  con- 
densation in  a  well-protected  cylinder;  he  hatl  not  found  any  to  take  place 
in  the  experiments  that  had  been  trietl  on  expansion." 

"With  respect  to  >(r.  Samuel's  mode,  lately  patented,  of  working 
steam  expansively  to  a  degree  contemplated  at  four  to  six  times  the  initial 
volume,  by  exhausting  from  one  cylinder  into  the  other,  it  is  plain  that 
the  necessary  conditions  for  the  economical  employment  of  such  an  extent 
of  expansion,  demand  a  much  better  provision  for  the  preservation  of  the 
steam  than  is  to  be  found  in  the  ordinary  arrangements  of  outside  cylin- 
ders. According  to  Mr.  Samuel's  designs,  the  cylinders  are  placed  outf«ido 
in  the  usual  manner,  without  any  expedient  forpreserving  the  temperature 
of  the  steam ;  and  it  is  easy  to  understand  that  special  means  must  be 
adopted  for  this  object,  to  secure  an  economical  promotion  of  expansive 
action  to  the  extent  peculiarly  available  by  his  system." 

D.  K.  Clark,  Railway  Machinery,  London,  18o5,  p.  84. 

"Mr.  Stephenson  mentioned  an  experiment  by  Mr.  Trevithick.  in 
which  he  found  that  orm  bushel  of  coal  burnt  under  the  cylinder  did  as 
much  duty  jis  Jiv  bushels  of  coal  burnt  under  the  boiler,  showing  the 
economy  of  keeping  the  cylinder  warm. "    {Proc.  Inst.  M.  K.,  1852,  p.  131.) 

"The  annular  cylinder  compound  engine,  worke<l  with  one  slide  valve, 
was  originally  proposed  in  18.'J7  by  William  Gilman,  and  it  has  for  many 
years  been  used  by  a  London  engineering  firm  in  the  construction  of 
engines  to  drive  corn  mills.  But  the  writer  (Fred.  J.  Bramwell,  of  London) 
believes  that  care  has  never  been  Uiken  to  steam-jacket  t'  '  Vi-pre«sure 
cylinder,  which  has  thus  always  been  batheii  in  an  atmo'i  fthe  low- 

pressure  steam;  this  the  writer  looks  upon  as  the  cause  of  considerable 
loss."    {Proc.  Inst.  M  A'.,  1872,  p.  147.) 

To  the  above  observation  we  may  adil  our  own:  If  there  is  loss  in 
expanding  too  far  in  one  cylinder,  by  which  the  departing  steam  l«)wers 
the  temperature  of  the  cylinder  l>elow  thaf  of  the  incoming  steam,  then, 
indeed,  a  high-pressure  cylinder  entirely  surroundetl  by  low-pretsure 
steam  must  be  at  a  great  disadvantage. 

Wjitt's  grand  invention  consisted  in  condensinj?  in  a  separate  Yetsei, 
his  aim  being  to  economize  by  keeping  the  cylinder  "  alway«  as  hot  as  the 
steam  that  enteretl  it." 

The  transition  of  this  Ifappy  thought  to  the  kindred  one  of  eMptmdim§ 
in  a  srpanite  vesntl  seems  not  to  have  been  made,  although  embodied  in 
Hornblower's  invention.  On  this  occasion  Kngineer  Blunder  sat  upon  the 
Wishinggrtte. 

This  subject  was  earnestly  studied  and  widely  published  by  Craddock 
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in  the  year  1S40,  and  later  on,  who  showed  clearly  the  advantage  of  pre- 
venting high-pressure  steam  from  coming  in  contact  with  the  walls  of  a 
vessel  from  which  low-pressure  steam  was  escaping,  and  who  also  proved 
his  theor}'  to  be  true  in  practice  by  making  a  twin-cylinder  engine  which 
performed  double  work  with  the  same  amount  of  steam.  As  modern 
compound  engine  practice  has  made  this  matter  as  familiar  to  us  as  office 
words,  we  need  no  labored  argument  for  demonstration  of  it;  we  can  only 
wonder  why  a  matter  so  simple  was  not  taken  advantage  of  long  before. 

We  must  understand  once  for  all  that  expansive  working  of  steam  is 
not  a  gain  but  a  saving.  The  want  of  a  proper  understanding  of  this 
difference  may  have  been  the  cause  of  the  diverse  views  which  have  been 
held  upon  this  subject  by  prominent  engineers. 

Economy  goes  with  the  expansion  of  steam,  and  with  least  steam  waste 
which  are  secured  by  proper  proportioning  of  the  cylinders  to  the  work  to 
be  done,  and  by  efficient  clothing  of  the  exposed  steam  chambers. 

There  is  no  reason  for  useless  loss  of  steam  on  its  way  to  work,  when 
there  are  well-known  methods  of  saving  it. 

Experiments  prove  that  a  well  felted  boiler  will  save  twenty -five  per 
cent,  of  fuel  over  an  exposed  one ;  even  an  open  door  sensibly  affects  the 
running  of  a  stationary  engine ;  then  why  are  not  locomotive  cylinders 
seriously  affected  when  the  storm  door  is  always  wide  open? 

Proofs  are  already  abundant  that  economy  in  the  use  of  steam  runs  in 
the  line  of  continued  expansion  in  more  vessels  than  one  ;  we  were  told 
this  just  116  years  ago,  and  we  are  slow  at  learning  the  lesson  and  putting 
it  in  practice. 

About  the  same  time  Cornish  men  told  us  that  best  clothing  meant 
increased  saving  of  steam. 

It  has  always  seemed  strange  that  a  weather-chilled  railroad  man  never 
applies  the  same  reasoning  to  his  exposed  steam  cylinders  that  he 
promptly  does  to  himself,  the  object  being  the  same  in  each  case— the 
retaining  of  heat. 

The  hydraulic  engineer  soon  finds  out  that  he  must  avoid  sudden  con- 
tractions and  enlargements  and  sharp  turns  in  the  water-ways  of  his  con- 
structions. 

All  this  speaks  plainly  to  the  engineer :  Save  your  steam  when  you 
have  made  it  against  loss  due  to  radiation,  and  spare  it  from  needless 
resistances  while  passing  from'the  generating  vessel  to  the  point  of  appli- 
cation. 

Of  all  things  provide  that  your  steam  shall  act  quickly,  and  this  is 
effected  most  perfectly  by  the  least  number  of  parts  and  ways  through 
which  it  is  to  flow. 

In  order  that  the  points  of  these  statements  may  be  clinched,  as  applied 
to  the  subject  before  us,  we  repeat  Watt's  golden  rule:  "The  supreme 
excellence  of  machinery  is  its  simplicity."  We  further  quote  from  one 
of  our  best  English  authorities  on  steam  and  on  the  machines  in 
which  it  is  employed  : 

"There  is  a  peculiarity  in  the  double-cylinder  engine,  in  its  requirin-  a 


41 

pipe  or  passage  of  some  kind,  through  which  the  steam  must  travel,  from 
one  end  of  the  small  cylinder  to  the  opposite  end  of  the  large  one ;  and 
this  passage  should  evidently  be  as  small  in  content  :i9  possible,  consi.-<t- 
ently  with  allowing  the  free  passage  of  the  steam." 

**  When  the  communication  is  opened  at  the  end  of  the  stroke,  the 
steam,  passing  from  the  small  cylinder,  has  to  expand  and  fill  the  paasftfi^ 
before  it  enters  the  large  cylinder  ;  and  if  the  passage  be  large,  the  steam 
must  necessarily  suffer  a  reduction  of  pressure  in  so  doing,  which  must 
seriously  diminish  its  effective  action  on  the  large  piston  during  the  future 
stroke,  and  so  cause  much  loss." 

"  In  some  engines,  the  author  found  this  loss  so  great  as  to  waste  nearly 
half  the  power  of  the  engine ;  and  even  in  the  best  that  were  examined, 
such  a  considerable  percentage  of  loss  occurred,  as  almost  to  neutraliie 
the  expansion  altogether." 

"  Much  attention  was  therefore  given  to  this  point  in  designing  the 
new  engines ;  iind  it  was  found  essential  to  the  success  of  the  engines  that 
some  arrangement  of  valves  should  be  adopted  which  should  satisfy  the 
following  conditions  : 

(1)  That  they  should  be  of  the  simplest  possible  character  and  free 
from  liability  to  derangement. 

(2)  TJjat  they  should  admit  of  the  steam  heiiii;  cut  off  l"r«>in  the  jiinall 
cylinder  at  such  a  point  as  might  be  necessary  to  sfciiro  the  rcniirod  regu- 
larity in  the  motive-power  of  the  engine. 

(S)  That  they  should  give  the  clearance  spaces  the  smallest  content 
possible,  and  in  particular,  should  allow  the  passage  between  the  two 
cylinders  to  be  direct  and  unimpeded,  and  of  no  larger  capacity  than  was 
absolutely  necessary  for  the  passage  of  the  steam." 

"  It  wa.s  further  found  conducive  to  economy  that  the  pa.«*^age  m 

the  two  cylinders,  should,  if  possible,  be  carefully  protectetl  from  i ..s- " 

Wm.  Pole,  from  A>"7on'.i  London  Journal  of  Arts,  August,  lsr>,S. 

The  fact  is  well  known  to  every  locomotive  engineer  that  the  require- 
ments of  a  locomotive  differ  wholly  from  those  of  a  stationary  engine. 

The  conditions  vary  contiiunilly. 

When  sUirting  a  locomotive  its  greatest  power  is  needetl,  this  may  also 
be  needed  to  overcome  occasional  resistances  at  any  time  along  the  rcMul- 
way.  That  locomotive,  therefore,  which  is  8upplie<i  with  mechanism,  at 
the  will  (^f  the  engineer,  capable  of  running  the  engine  at  full  power  at 
any  time  and  for  any  length  of  time,  and  lus  easily  convertible  into  com- 
pound running,  must  take  the  precedence  over  every  other. 

For  elevatoil  railway,  rapid  transit  service,  such  locomotives  aatbe  two- 
cylinder  Rhode  Island  type  is  admirably  adapted. 

Their  extreme  cleanliness  and  quietness,  easy  riding  and  economy  of 
oil  commends  them  highly  for  nervice  in  cities. 

Their  economy  in  the  use  of  fuel  and  water,  combined  with  the  !K'hf..r 
carriage  of  those  requisites,  and  a  more  even  distribution  of  the 
tion  of  their  power  to  this  kind  of  service,  which   is  copducted   up«>n 
structural  highways,  possess  many  MlvanUiget. 
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The  ease  witli  which  these  engines  are  thrown  into  simple  workings 
having  full  pulling  power,  as  becomes  necessary  at  certain  times  of  the 
day,  when  the  flood-tide  of  travel  is  all  going  one  way,  and  as  happens  on 
many  roadways,  these  extra  heavy  loads  must  be  taken  at  full  speed,  up 
and  over  long  and  steep  gradients,  and  when  these  are  passed,  a  simple 
turn  of  the  hand  will  change  to  compound  running. 

A  compound  locomotive,  with  multiple  cylinders,  is  not  built  for  the 
sole  purpose  of  getting  more  power;  the  chief  object  to  be  gained  is  the 
saving  of  steam,  which  can  be  done  in  two  cylinders,  as  commercially 
well  as  in  any  greater  number  on  a  locomotive. 

In  all  cases,  whether  two  or  more  cylinders  are  used,  it  is  generally 
understood  that  in  order  to  secure  good  results,  the  cylinders  are  pro- 
portioned to  the  weight  on  the  driving  wheels,  and  to  the  pressure  of  the 
steam. 

We  are  more  concerned  here,  however,  with  the  appliances  by  which 
any  type  of  compound  locomotive  may  be  made  universally  applicable  to 
any  road  and  to  any  service. 

This  invention  is  not  simply  ingenious,  although  it  takes  rank  with  any 
having  high  merit  in  that  particular,  but  the  merit  we  desire  to  report 
favorably  upon,  and  give  award  to,  is  of  such  character  as  possesses  com- 
mercial value. 

A  two-cylinder  compound  can  be  put  to  any  simple  engine,  for  less  cost 
than  any  other  type,  and  in  doing  so  will  replace  and  require  the  least 
number  of  working  parts.  The  altering  of  existing  simple  engines  into 
two-cylinder  compounds,  is  thus  made  altogether  feasible,  and  the  build- 
ing of  new  ones  can  be  done  at  a  cost  very  little  over  simple  ones  of  same 
type  and  power. 

The  Rhode  Island  Locomotive  Works  improvements  solve  these  prob- 
lems perfectly.  They  furnish  a  locomotive  that,  for  any  time  and  service 
is  at  once  simple  or  compound — an  accomplished  fact  which  your  com- 
mittee believes  has  not  been  done  before  in  any  country. 

A  great  number  of  two-cylinder  compounds,  having  the  Worsdell  von 
Borries  type  of  valves  and  steam-ways,  have  been  made,  and  are  now 
running  with  good  economical  results. 

If,  therefore,  the  two-cylinder  type  of  engine  is  so  well  favored,  as  those 
referred  to,  which  are  limited  to  certain  kinds  of  traffic,  adapted  to  the 
special  construction  of  these  engines,  how  much  more  will  the  same  type 
be  valued  when  it  is  suited  to  every  service,  by  being  perfectly  inter- 
changeable, with  full  range  of  performance,  either  as  simple  or  com- 
pound. 

Your  committee  recognizes  the  fact  of  greater  value  in  accomplished 
results  by  the  manufacture  and  completion  for  active  service  of  any 
machine. 

An  inventor,  who,  after  conception  of  his  scheme,  builds  it,  puts  it  into 
service  and  proves  it  to  have  commercial  value,  is  entitled  to  advanced 
credit  at  our  hands  for  having  done  more  than  merely  invent  and  patent. 

We  make  this  statement  here  because  we  find  on  investigation  that  not 
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one-half  the  number  of  compound  locomolives,  which  have  been  patented 
and  described  have  ever  advanced  beyond  the  patent  record  and  not  one- 
quarter  of  them  are  placed  upon  the  roatU  in  service.  Many  of  us  know 
by  experience  that  some  patented  machines  are  not  even  well  begun  with 
the  issue  of  the  patent. 

During  that  noted  controversy  upon  the  discovery  of  the  expansion  of 
steam  in  Watt's  time,  a  writer  said:  "Of  two  discoverers  of  the  same 
principle,  that  one  should  have  the  merit,  who  first  makes  it  known  to  the 
public." 

To  this  type  of  expression,  may  be  justly  added  :  A  large  need  of  praise 
and  right-of-way  belongs  to  the  party  who  harnesses  a  discovery  by  whom- 
soever made  and  puts  it  under  full  control  to  do  our  bidding.  Nor  should 
the  mere  patented  or  other  existence  of  any  invention  in  one  original 
form  (which  may  yet  be  within  experimentjil  limit.x),  forbid  the  use  of  ita 
like  conceived  by  another  although  in  modified  form,  when  the  same  ha« 
been  adapted  and  carefully  fitted  to  new  working  conditions.  In  this  the 
last  shall  be  first  by  merit. 

"  The  conditions  on  which  the  expansive  working  of  steam  in  locomo- 
tives may  be  carried  out  with  efficiency  and  success  were  stated  by  Mr. 
D.  K.  Clark,  as  early  as  1852,  in  Proc.  Inst.  }f.  K.,  for  that  year  and  briefly 
are  as  follows : 

(1)  The  condition  is  to  perfectly  protect  the  cylinders. 

(2)  The  combination  of  a  sufficiently  high  boiler  pressure  of  steam,  (say) 
150  pounds  per  square  inch,  with  suitable  proportions  of  cylinder  and 
driving  wheel,  to  admit  of  highly  ex])an.sive  workint:  coiisistfiit  with  the 
required  duty  of  the  engine. 

(3)  The  cylinder  should  be  arranged  to  have  the  shortest  practicable 
8team-way,  and  the  valves  should  be  relieved  of  pre.nsure. 

From  .Mr.  D.  K.  Clark's  latest,  most  ek*gant  and  comprehensive  work 
on  The  Steam  Engine,  London,  1890,  vol.  iv,  p.  60.'J,  we  make  a  few  extracts, 
which,  on  [)erusal,  will  be  found  to  emphasi/.e  much  that  we  have  already 
said  upon  the  compound  locomotive. 

"  M.  Anatole  Mallet  had  early  prepared  designs  for  conip<nind  locomo- 
tives, in  which  one  of  the  cylinders  was  miule  larger  than  the  other;  and 
in  the  beginning  of  1876,  an  onler  was  given  for  three  of  them.  They 
were  four-coupled  six-wheol  t^mk-engines,  with  two  outride  cylinders,  9"46 
inches  and  15  75  inche.s  in  diameter,  with  a  common  stroke  of  17*72  inches, 
having  areas  in  the  ratio  of  1  to  2*78.  The  working  pressure  in  tlie  boiler 
was  150  pounds  per  square  inch." 

"The  'starling  slide  valve'  was  fixed  on  the  smokebox,  by  means  of 
which  the  steam  from  the  first  cylinder  might,  at  starting,  bo  exiiausted 
direct  into  the  atmosphere,  while  steam  from  the  boiler  was  admitted 
direct  into  the  second  cylinder,  sufficiently  wire-drawn  to  avoid  an  exces- 
sive difference  of  power  l>etween  the  two  cylimlers.  When  the  ralre  was 
shifleil  into  the  opp'jsite  position  the  steam  from  the  first  cylinder  was 
exhau8te<I   to  the  secoiul  •    '  Tlu'  lirsl  tried  i; 

1870;  they  mtidc  steam  in  .iL...--..itu  «•,  a\,  j.^rfn  t  hIim 
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See  Mallet's  paper  "  On  the  Compounding  of  Locomotive  Engines,"  in 
the  Proc.  Inst.  Mech  Engineers,  London,  June,  1879,  p.  328. 

To  M.  Anatole  Mallet  belongs  the  credit  of  first  realizing  the  necessity 
of  equalizing  the  total  pressure  of  the  steam  in  each  cylinder  of  a  com- 
pound locomotive  engine,  especially  in  those  of  a  large  size. 

In  his  paper  he  describes  "  a  self-acting  reducing  valve,  whereby  the 
steam  pressure  admitted  to  the  large  cylinder  when  working  direct  is 
reduced  so  as  never  to  exceed  a  certain  limit  bearing  a  constant  proportion 
to  the  boiler  pressure." 

This  valve  consists  of  "  a  piston  having  a  rod  of  large  diameter,  which 
passes  out  through  a  stuffing-box'  at  the  back  end  and  has  no  external 
attachment."  The  piston  acts  as  a  stop-valve  sliding  over  a  port  at  the 
back  end,"  which  opens  and  partially  closes  before  and  after  the  admitted 
steam  to  the  starting-valve  chamber.  This  valve  was  not  provided  with 
any  means  whereby  its  motions  would  be  controlled,  and,  therefore,  was 
liable  to  breakage  from  violent  slamming,  which  was  proven  to  be  the  case 
on  the  first  trials  of  those  made,  the  record  of  which  appears  in  his  paper 
on  this  subject. 

We  find  no  reference  of  attempts  to  improve  or  continue  the  use  of 
this  type  of  valve. 

"  Mr.  A.  Borodine,  Chief  Engineer  of  the  Southwestern  Railway  of 
Russia,  made  comparative  trials  of  a  compound  passenger  locomotive  on 
the  Mallet  system  and  an  ordinary  locomotive.  The  engines  were  identi- 
cal, except  the  cylinders ;  they  were  tried  on  a  section  ninety-seven  and 
one-half  miles  long,  in  the  month  of  May,  1881.  The  results  of  twelve 
double-trips  show  an  economy  of  steam  of  from  four  to  eight  per  cent.;  and 
of  fuel,  of  from  fifteen  to  eighteen  per  cent."  "In  July,  1881,  the  two 
engines  took  goods  trains  exactly  alike,  one  to  each,  one  after  the  other, 
at  speeds  considerably  lower  than  those  of  the  passenger  trains,  showing 
an  economy  of  thirty  per  cent,  in  the  consumption  of  steam  by  the  com- 
pound engine  and  of  twenty  per  cent,  of  fuel."  "  Further,  experiments 
with  these  engines  showed  an  economy  of  fuel  of  twenty  per  cent.,  with 
2*5  expansions  of  the  steam  and  thirty-two  per  cent,  with  4"8  expansions." 
See  Proc.  Tmt.  M.  E.,  London,  1886,  p.  297. 

Mr.  Clark  devotes  one  chapter  to  a  discussion  of  the  Von  Borries  out- 
side cylinder  compound  locomotive,  in  which  he  concludes :  "  Compared 
with  ordinary  engines  of  like  dimensions,  working  on  the  same  lines  and 
taking  the  same  trains,  the  compound  locomotives  effect  an  economy  of 
from  14-3  to  twenty-one  per  cent,  of  fuel."  See  Engineering,  April  30, 
1886,  p.  434. 

In  his  next  chapter  Mr.  Clark  says :  "  Mr.  T.  W.  Worsdell,  in  1885, 
designed  and  constructed  his  first  compound  passenger  locomotive  for  the 
Great  Ea.stern  Railway,  in  which  two  cylinders  were  employed,  placed 
side  by  side,  between  the  side  plates.  The  cylinders  are  eighteen  and 
twenty-six  inches  diameter,  twenty-four  inches  stroke,  working  to  the 
crank-axle  in  the  usual  manner ;  the  capacity-ratio  of  the  cylinders  is  1 
to  209.  The  engine  fitted  with  Joy's  valve-gear  and  steam  could  be  turned 
on  direct  to  the  second  cylinder  when  required  for  starting." 
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The  performance  May  21, 1886,  showed  "  a  reduction  of  thirteen  per 
cent,  on  the  ordinary  consumption." 

"In  January  and  Fehruary,  1888,  comparative  trials  of  com(K>und  and 
ordinary  passenger  locomotives  were  made  on  the  Northeastern  liailway, 
which  proved  a  saving  by  compound  engine  of  twenty-one  and  one-half 
per  cent." 

"In  the  year  1886-87,  the  comparative  consumption  of  ci»al,  by  com- 
pound and  ordinary  goods  engines  working  heavy  express  trains,  was  for 
ten  engines  each,  and  making  a  total  run  of  180,000  miles,  a  saving  of 
fourteen  and  one-half  per  cent." 

"There  are  now  (April,  1890),  about  600  compound  locomotivett  on  the 
Worsdell  and  Von  Borries  system,  of  which  there  are  120  on  the  Norlh- 
ea.stern  Railway.  The  averaire  results  of  twelve  months'  working  of  the«e 
120  engines,  compared  with  the  non-compound  engines  on  the  railway, 
drawing  the  same  trains.  150  tons  weight,  show  an  economy  of  twenty-two 
per  cent,  of  coal." 

Mr.  Thomas  Urtjuiuirt,  on  Kailway  in  .'^'(Uiiiea^^i  Jvu!?^i!i.  ii  I'    i- •  .  ! 

an  average  economy  of  eighteen  and  one-lialf  per  cent.  '•:  j  • 
refuse  in  the  performance  of  twelve  compound  gooils  engines  and  three 
compound  passenger  engines,  as  against  non-compound.  The  capacity  of 
the  receiver  between  the  tirst  and  second  cylinders,  has  been  succeasively 
increased  from  equality  to  the  volume  of  the  tirst  cylinder  to  1 .'{  and  VS 
times,  with  marked  advantage.  The  pressure  in  the  second  cylinder  does 
not  drop  so  fast  with  the  larger  receiver."  See  Proc.  luMt.,  M.  h\  London, 
1890. 

The  early  state  of  the  art  shows  that  ordinary  cocks  and  slide  and  other 
forms  of  valves  operated  by  the  engineer  have  been  usee!  for  admitting 
steam  to  the  low-pressure  cylinder  directly  from  the  boiler  "  the 

engine,  to  be  operated  again  by  the  engineer,  changing  the  i :  .  im- 
pound running  when  the  extra  resistance  is  overcome,  some  having  inde- 
pendent escape  to  the  atmosphere  for  the  high-preMure  cyfinder,  and  some 
havedo.sed  oxhausl  chambers. 

The  advanced  slatr  of  th»  art  exhibits  the  use  of  valves  in  the  high- 
pressure  cylinder  exhaust  pipe  or  receiver,  which  are  worke*!  by  steam 
automatically  or  otherwise. 

The  greater  number  of  these  valves  are  opened  autoniatiraily  by  the 
high -pressure  cyliinh-r  exhaust  steam  when  itn  accumulattHl  prcMure 
exceeds  that  of  the  admitted  wire-drawn  live  steam  to  the  low-pre«iure 
steam  chest.  These  are  called  intercepting  valv«««.  and  no  means  nre 
proviihxi  for  holding  them  shut  for  continued  simple  running. 

Your  conunittee  plainly  set's  that  any  engine,  exhausting  into  a  closed 
chamber  must  weaken  after  the  first  revolution,  and  must  gradually  cease 
to  have  i)ower  if  this  pnu'ews  cofi*  !  that  this  effe* '  ' 

at  the  tin>e  when  the  greatest   \  ••e«led ;  and  a^  •        ^    • 

chnmber  gets  relief,  the  engine  at  once  ceases  to  be  ft  simple  engine,  ftnd 
goes  into  comi)Ound  working.     If  the  engine  has  •  under  way  by 

tl  i    time,  it  must  balk  and  simple  running  be  tried  o,i,  ..^.tui. 
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In  the  specification  of  F.  W.  Dean  (U.  S.  Patent,  Sept.  22, 1891)  mention 
is  made  of  the  foct  of  accumulated  pressure  in  the  high-pressure  exhaust 
passage,  and  the  necessity  of  reUeving  the  same.  It  is  also  stated:  "The 
intercepting  valve  opens  in  advance  of  an  accumulated  back-pressure  on 
the  high-pressure  cylinder,"  so  it  appears  that  some  inventors  recognize 
this  fact  of  back-pressure  where  and  when  it  is  not  wanted. 

The  perfected  state  of  the  art  must  exhibit  a  two-cylinder  compound  loco- 
motive engine  whose  mechanism  is  simplest  in  form  and  number  of  work- 
in<i  parts,  and  whose  steam  ways  are  most  uniform  in  section  and  most 
direct  in  course  from  boiler  to  the  point  of  application. 

In  so  far  as  your  committee  has  ascertained  from  every  reliable  source 
at  its  command,  the  mechanism  devised  by  Mr.  C.  H.  Batchellor  practically 
fiiltils  this  requirement. 

In  this  engine  we  have  all  the  necessary  devices  by  which  a  locomotive 
may  be  run  at  any  time  and  at  any  place  on  the  road  and  for  any  length 
of  time  demanded  by  the  service,  as  a  simple  engine ;  each  cylinder 
doing  exactly  half  the  work,  whatever  that  may  be,  and  without  waste  of 
steam. 

In  addition  to  this,  at  the  will  of  the  engineer  and  at  any  time  he 
chooses  to  exercise  it,  according  to  the  conditions  of  running,  he  changes 
his  engine  into  compound  working,  permitting  it  to  operate  thus  as  long 
as  circumstances  will  warrant,  and  then  he  changes  it  back  again  at  once 
into  simple  working.  These  changes  are  made  as  easily  as  the  engineer 
turns  his  hand  to  open  or  close  one  valve,  by  a  handy  lever  in  his  cab,  and 
he  does  this  when  the  engine  is  standing  or  running. 
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fream    10jf,{£   e*.rd  ),   nmmrl^   on*   r«i>«2b  f  loit. 

a    It  fftt  initiml   prrttwe    in  fP   eplinder     •'I't/irW    iitili*.    L'.t 
sure    ufMieh    E   should    kmvt.  in  »rd*r  le   ntmkt  lot*l   ^r«f«krv« 
pitton$    tfuml.      4    nthtrd    iniliai    prmttu^t    tn  ^  eyitmdtr     b 
It  «  pretturt     tueh    tk*t    th*     r^io   of    k  to   A'li  Ihg    iant«    ««    |A#    f^ 
tio  o/  a    to  a.'. 
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l_      AUT  O  OA  AT  t  C  A   L  L  Y      TAnE  T  M  » 


ANO    That  upon 

COM  P*U^O       PP 


iTft    •^••W«t    T«« 


•.cH. 


DlAGRAtj/l      OF      ImTF  R  CE  PTI  N   ex       VA  1- V  E       BV     R  .  I .  L  O  CO  M  OT  I V  E       WoRKS.  PoTcr-jTen  Sei'T.Eg.fll 


[  T„=    6Na,NE     MOV     ec    ^HANCVED     f^oM    J"^^^  ^'=;'^;;^"  ^.^^^ 'p' ^  J^  ;;;,  .'^^^^  ReIe  .Te^'r 


IRTION    OW    Receiver     with       iXMAOST       VAUVI   . 

WS   SAMC      WHILE  RUMNIN6      SIMPlB. 
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«AfcV» 
WMOf 

F      !•< 


c  ▼■« 


m 


o^ogoga 


Franklin  Inatltuta, 
Philadelphia 
Journal 


Engineer  iiig 

PLEASE  CK)  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POCKET 

UNIVERSITY  OF  TORONTO  LIBRARY 


% 


V-   , 


"^^ 


